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INTRODUCTION. 


Tne immediate purpose of the science of Crystal- 
lography, regarded as a branch of Mineralogy, is to 
teach the methods of determining the species to 
which a mineral belongs, from the characters of its 
crystalline forms. But the science itself is also capa- 
ble of being rendered more extensively useful. 

The crystalline forms of pharmaceutical prepara- 
tions will furnish a certain test of the nature of the 
crystallised body, although it will not determine its 


absolute state of purity. In chemical analysis, the 


for ms of crystals will frequently supersede. a more 
rigorous examination of the crystallised matter; and 
commercial transactions in the more precious mine- 
ral productions may frequently be guided by the 
crystalline form, or by the character of the cleavage 
planes, of those bodies. 

It does not appear in the works tafhertc published 
that the connection between the crystal and the mine- 
ral has been any where so systematically explained as 
to enable the mineralogical student readily to connect 


- the one with the other. 


The Abbé Haiiy’s works on be Sita oy are the 
only ones in which a truly scientific exposition of the 
theory of crystals is to be found ;* but by designating’ 


—* An interesting volume on Crystallization, founded on the Abbé 
Hany’ s theory, was published in 1819, by Mr. Brochant de Villiers, 
and will afford the reader a clear view of that theory, connected 
with other interesting objects relating to the formation of crystals. 
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most of their forms by separate names, he has pre- 
sented those forms to the mind rather as indepen- 
dent individuals, than as parts of such groups as 
should render their relations to each other, and hence 
their mineralogical relations, apparent. — 

I have been enibeal therefore, to attempt such an 
arrangement of the various forms of crystals, as will 
indicate their constant relations to, or differences 
from, each other, for the purpose of more readily re- 
ferring from the crystal to the mineral; and this are 
rangement is contained in the Tables of Modifications 
which will be found in the following pages.* : 

The best illustration of the manner in which some 
of the forms of crystals may be conceived to be allied 
to others, is afforded by the Abbé Haiiy’: S theory. of 
decrement. That theory appears, however, ‘much 
encumbered by his adoption of two kinds of molecules, 

and by the forms which he has assigned to particular 
molécules of one of those kinds; in consequence of | 
this, I have ventured to propose a new theory, in re- 
ference to several of the classes of primary forms, 
which may in some respects be regarded as more 
simple, and which forms. the subject of the section 
on molecules. + 


* aed these tables were constructed I have peat Fran Mr. Konig 
of the British Museum, that he had for some time entertained an inten- 
tion of framing a set of tables nearly on the same’principle: and he has 
shewn mea considerable number of drawings of the figures of crystals: 
which were made partly with a view to this object, yet serving at the 
same time as records of many of the crystalline forms of minerals con- 
tained i in that rich collection, upon which his attention is SO constantly 
and so assiduously bestowed. fiyti iis 


+ The theory of spherical molecules which has been entertained by 
some distinguished philosophers, has not been alluded to in this treatise, 
as the laws of decrement appeared more readily explicable on the sup- 
position of the molecules of crystals being solids contained within Pee 
surfaces. : 
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IT have also attempted to supply. some rules for. 
studying the forms of crystals, and for what may be 
termed reading them; which, although they may not 
enable the learner to trace at iat ria relation of the 
different crystalline, forms to each other, they will 
certainly assist him in his examination of the minerals 
themselves; and it is from an attentive study of these 
that he must at last derive his best information. 

From the very elementary nature of some of the 
definitions, it is evident that the reader of the earlier 
part. of the volume is supposed to be unacquainted 
with the first rudiments of geometry. By being thus 
elementary I have been inclined to hope that crystal- 
lography may be rendered more familiar, and its prin- 
ciples be more easily acquired; and that the young 
collectors of minerals may be led by these first and 
easy steps in the path of science, to make their collec. 
tions subservient to the cultivation of higher sources 
ofamusement. — 

The description of the principle and of ai method 
of using the reflective goniometer, has been mi- 
nutely, deleted on account of the importance of the 
instrument to the practical mineralogist, and with a 
view to remove the impression of its BRP eating to 
the measurement of erystals being difficult. 

The Abbé Haiiy has used eee: trigonometry in 
his calculations of the laws of decrement. The sub- 
stitution of spherical for plane trigonometry in this 
volume, was made at the recommendation of Mr. 
Levy; from whom I have also received many other 
valuable suggestions relative to-the methods of cal- 
culation employed in the section on calculation; 
which it will be apparent to the reader, is little more 
than an outline of a method which must frequently be 
filled up by the exercise of his own judgment. In 
this as well as in other respects the mathematical 
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part of: the volume differs much from the’ baci el 


processes contained in- -the Abbé: bane s more com-. 
a 


prehensive works.* {OAM | 

When £ first. begat to examine + ake weyatallinie devia 
of minerals I was much assisted by a large edilec hia: 
of the drawings of crystals, which was very anahy 
lent me by my friend Mr. William Phillips. The 
number and variety of the figures contained in this 


collection was the immediate cause of the attempt { to. 


reduce the forms of crystals into classes, and of the 
construction of the tables of modifications already al~ 
luded to, Since that period, and particularly. during . 


the printing of this volume, Mr. Phillips: has fre 1 
quently assisted me by his communications relative to | 
the forms, the cleavages, a and: the measurements of ‘ 
crystals, which I had not other means ai immediately b 


acquiring, | 
During the course of my ‘vestigations I have fre- 
hia 


quently found it necessary to consult larger collec- “ 


tions of minerals than my own. On these occasions 


I have generally referred to my friend Mr. ‘Heuland, 4 
and lam happy in the opportunity of acknowledging | 

the readiness and the liberality | with which he has . 
invariably assisted. my views, by permitting an access _ 


at all times to his large and valuable cabinets, and 


very frequently by contributing rare and. interest-_ 


ing specimens ‘to mine which, I could not otherwise 
Hive acquired. 


I have sometimes sought a itor from the ex: 
tensive cabinet in the ates): Museum, and have 


* Mr. Levy is at present engaged in an examination and descri tion 
y P gag 1p 


of one of the finest collections of minerals 4n the kingdom, which be- 


longs to.C. H. Turner, Esq. The opportunity which this examination. 
will afford him of connecting a knowledge of the forms of crystals with 


his well-known mathematical attainments, will enable him to convey — 
valuable instruction in this department. of science to others, to which ~ 


object he intends to devote some pore of his time in future. 


- 
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always found the utmost facility affos ‘dedto researcli 
by the habifual’urbanity and friendly dtteiition of Mr. 
Konig. And T have freqitently heen indebted also to 
Mr. G. B: Sowerby for illustr ative ‘specimens ciel yagi 
rals of agai bce? occurrence, 


free we Here Ye 
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Bice the committal of a considerable “portion. of 
these pages to the hands of the compositor, and i in- 
deed subsequently to the printing a large part of the 
volume, ,a new edition has appeared or the “Abbé 
| Haiiy’s treatise on crystallography ; this event was 
very soon followed by the decease of the learned 
author ; and subsequently to his decease three vo- 
lumes of a new edition of his treatise on mineralogy 
_haye been published : events so intimately Caneetee 
with the subject of this volume that I cannot well 
pass them over in silence. Gi 
Tan. perfectly disposed to concur in’ “the public 
eulogium which has. been so deservedly passed upon 
the nonesee philosopher, for having been. the first 
to elevate crystallography to the rank of a science, 
and to trace out a secure path to its attainment ;. but. | 
I regret that I cannot agree in that unqualified | ap- 
probation of his recent works which some of his sur- 
viving friends have. so liberally bestowed upon | them, ( 
For those works will be. found to contain errors of sO 
remarkable a character, as to excite our surprise 
when we recollect the generally accurate and enlight- 
ened judgment of the cae nasa 

Upon these, as criticism can no longer reach the e ear 
of the author, I shall offer but few remar ks, $ 

One of his sources of error may. ‘be ‘discovered i in an 
apparently g groundless notion which his. _theory em- 
braces, that nature has imposed limits to the angles 

b 
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at-which the primary planes of crystals incline to each 

other. And some of the mistakes which originate” 
from this ‘supposition are so important, as to cast a’ 
shade of disconfidence over his determinations cee 4 | 
tothe: primary forms of crystals. nepal 

»dHlis inaccuracy with respect to the angle of hile 
ATE of lime is a well known: jsp abi of one wal these 
theoretic errors. 

His inaccurate eka hab cade of many of the diigles 
of crystals, have probably been. occasioned by the 
comparatively imperfect instrument with which those 
anéasurements were taken. That he should havecon- 
tinued to prefer this, to the more perfect goniometer 
‘invented by Dr. Wollaston, may possibly have been . 
owing to the decay of sight incident to his period of 
life, and to that dislike to change which so reereyti 
accompanies advanced age. : 

But some of his inaccuracies are independent: both 
of his theory and his goniometer, and it would almost 
appear that he had occasionally written from the dic- 
‘tates of his fancy, without See the minerals he 
has described. »| 3 | 
* The resemblance he i ivemsinds to exist Pebircleyy the 
erystals of bournonite and those of sulphuret of anti- 
mony is an instance of this nature; and on some of 
his figures, as those of wolfram, and some of those 
which he has still retained as stilbite, although they — 
belong to a distinct species of mineral to which I have 
given the name of heulandite, he has placed i imagi- 
nary planes which have no existence on the crystals 

themselves. 

His persisting in the identity. of’ the angles of the 
primary forms of carbonate of lime, bitter spar, and 
carbonate of iron, if he has really been deceived by 
his Mae ergs evinces ci carelessness in the use of , 
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that instrument which must still further Seaiiee our 
confidence in his results. 
. Dr. Wollaston in the year 1812 ay eal ‘ahiih 
these species differed from each other, and noticed 
their differences in a paper published in the Philoso- 
phical Transactions for that year, He found a 
nate of lime to measure 105°5’ : 
Bitter spar ..-eee. 106°15’ 
Carbonate of iron 107° 

Notwithstanding the discovery of these facts, which 
have been so frequently verified by subsequent mea- 
surements, the Abbé Hatiy has not only continued to 
insist on the superior accuracy of his own measure- 
ments, but discusses through several pages how 
it could have happened that the iron should have dis- 
placed the lime in the crystals of carbonate of iron, 
which his original error has led him to vighaae as iti 
aca seaport ! 

With all the faults, however, which the iat Abbé’s 
wirke contain, many of which we must in justice to 
his better judgment ascribe to feelings of a personal 
nature, those works present to the reader truly phi- 
losophical views of the sciences of which they treat, 
and they cannot be perused without frequently afforth 
sic him both gratification and improvement, 1 ¥G 


a 


b 2. 


seabion “poe oa tg 


oR oid ails aie naan: Gl ait Aiea 

Sos cae oe oe oui BLIGAT a a eo “rogpe aR ( u f 
aloha yes, ite pas jimi t ; $oeredt 

"Phos our fais gattoonnl 


é 


ws Be, 


ents ee ey i % 


Boi camel Wopsinee | on 
Bie “esas \hodonageaidedl p 
et ay “AHROSTNG TO siiate ft 
pgs ft ae ae j iit Hokie tant 2 
aa Vi Aree Be on ) ene es 


Mes eetened tens ; 
et onggai at made sbidine 6" i 
‘kggh thes? WE: ie 0 Oagnil ss ayy tos adie t, if 


ae'o € 


“be sphiecta fais i 
olalg Ba bRT ORR ROG ADRM ARO NS Mai ae 

Bh oulp sit fad Kae ‘eden # ne Fibiay Sella tie ee Raa 

6) Rio Beh eiboahomept: Pd, ads Wah dy ey 


Oy Badri aed + Deny ats ; 


Aime res semanas tay a nen Tees ute ‘Sie: 
2-804 es oe ¥ is ey  yYalodiads: Bite mite ¥ fit Bia as hag 
eo it os pialeey: a re ‘eth: a ae wht ees «iad a Geneon thente ; ; 
BE whine stiie 6's:nls 3:95 wb Ae ta Ne Loe gael taggnaT 
| Bek tr en Kee oy ties ies ia, hs etic ik 
ee salir tala Rey ate 2hp so 
NARS, UA aie 8 ssiadies carts manoce 
Pi: ase = cata 6x Be a ee, Crs ee 

we ai sn a A. ph =e es 

o4 yak He io oa es a relat ‘ee 


Tn intra st tbe ae Py Ee Sa pie 


-* 


Wf 


’ an 


sat he yas ue 1G ey ¥ ; 


— one oe asl a — aaa) votes 


; 
e ie : : ee 
saa ; : iS ave ’ 
+'ae ‘ ie 
i i 


4 
~ 


tas 


4 


eC hale Se 


ae eg ee oo “<- 
i i a Me ee 


~ 


PABLE OF CONTENTS. 


DECINITIONS Occ ak snlce a ETS oe ce awh ah otha ARE 
The.object of the science ...c.esceeecccenesenmne ff 
WN crystal, what See e Sena secre ce dsooeeecsceesesere 1 

Itsplanes, edges, and angles ....,.+.+++++++. IS 
The value.of.an angle how determined ........---. 2 
Crystals formed of homogeneous molecules .. ese seg i oat 

_ The. same mineral crystallises in a variety of forms .. .6 

_ These forms are primary i.e. eceeevececcecesereee | 6 

2 OF SCCONALY weenie nesses eene nee eenee | 6 
What a primary form is ...seeeeseeeswecns neers 6 
Classes. of primary forms, .s5.6+-e2+2esesneene 6-—11 
Secondary forms, ...+,.+s2eeeeereetargerecececs 11 
‘Diagonal of.a plane... -seweeenseneceencccers 12 

- Diagonal plane of a solid... es eee ee cee eer ee eeses 12 


Axis of a crystal ws. eee wees ete eeeccooreaaeece 12—16 
Crystals when in position ........ sie ett tik alee ree 
} _.., .how formed eoeereecesoeee ees eee @ eoeeoer eve e 17 


increase by the additions of plates of molecules 18 
reserve their original, form when the added 


‘ean oO 


TAA ie plates are entire 6... eeeeeece sree eees 18 
_ the original form altered. when the added plates 
as _. are, defective». cc... e cede ewes eesenene 18 


. .... onthe edges or angles ..s.00ese0cerees 19 

| Decrements,. why so termed. ...-+ sree eeeeeecees 19 
+... their nature and character.......-, 19—23 

Law ofa decrement........ die hawetne st seus care eee 
Tangent plane. ssc. seb ence ccse ecto sees seceres 24 
Or THE GONIOMETER AND THE METHODS OF USING IT 25—32 
GENERAL VIEW OF THE SUBJECT, «2: eee ee sete recess 33 


yy sare particular solids. s45 .s¢e sceneries 36 
3 their forms oeerwer see epee e wee gee FO e O# e. 38-—52 
Srnuerure, illustrated by the crystallisation of common . 


" salt seo a dere QHOITAOPRIGIHA aie BRiCACS BRAT ETO 


XIV ‘able.of Contents. 


PAGE 
COPA EBE elo oo ood okeea hc iw 5 le tes FOr ate Bag ee ae en 
takes place im the direction of the natural 
joints of crystals .,.....-+eeceeveservee 56 
TORE different sets of cleavages .......-.2-00+-- 56 
ee . the -mutwal” ssiaite rua atk vipans botuls sich oumtgl 
pif 1 osltbyye cleavage £250, 908 SULT Re BS “59-66 
Dienssienns. boos ee / 
‘to wel simples: iL iiae cds icstomadiey -+e+ 67—73 
m _causes producing these not understood ..... 73 
seiuo oe anfluenced: by the pba nonsnunte of bodies. Pal (2 
S¥ Venvity, Jts JAWS 05 SEES TE MURS OED E 
per oe SAT AD MEAG PION ROOT UID 
¥ SAOOOUE ey pola be: decaegel imolemenpe 79 
BOS ba gee: - freneenl? require paca a astra to 
bs Si didint Bley Sido sue ORE A a ME EBA 
Gthoxnans FORMS wees lee ee ee el eee bees ee eeWees 86 
Hemrrrope'& Pe kB RET ED OVERALLS HUE ASR 
‘Exierne-&. pseupomorpnous CRYSTALS 60. Fda 98 
_ON THE TABLES OF “MODIFICATIONS 20). 0 dds. oe e's 95 
Papies. OF MODIFICATIONS OF: BAER] Fs SOT 
the iste Ti hha save cs TRIG Sl CRE de Hoe 106 
regular tetrahedron .....++eseeeeceeeese F12 
regular octohedron: 2... ee eee cess er ceee LIG 
rhombic dodecahedron .........6.2++++2 120 
pptahedron with asquare-base ........... 126 
rectangular base........ 138 
Tada te oe ee. --vhombic base ....,..... 146 
right square prism .... see seeeeereeeees 162 
- yectangular prism: ...-. ee. cceee eee 166 
-shombic prisms... 6. ee eee eee cee e 170 
oblique-angled prism ....0.....-+-- 176 
-»+++-oblique rhombic prism ....¢ceeseeeeeee- 180 
doubly oblique prism .....-0e20.------- 190 
hexagonal prism. ...5 02. e eke eee coer ee 196 
rhomboid. s.ad3 08 Br .49. Seo 200 
JABLES OF SECONDARY FORMS .......-¢2 eeeee. 214—222 
ON THE APPLICATION OF THE TABLES OF MODIFICATIONS 223 
‘method of discovering the forms of crystals, or * 
“of reailing’ thems <A bsieve Dede Boys 223—223 
method of describing crystals by means of the 
tables .issvd ocean a ss VAG LOS 90 GR 28 
On THE USE OF SYMBOLS FOR DESCRIBING THE SECONDARY. 
FORMS.OF CRYSTALS boss ccc cu ewe eedeee. 233-—252 
ON THE RELATION OF THE LAWS OF DECREMENT TO THE 
DIFFERENT CLASSES QF MODIFICATIONS ..4,...++... 203 


? 


Tale of Contents. 'x¥ 


eonnveoda! pith PAGE 
CALCULATION OF THE LAWS OF orcnrnetr: Wot. cece, 208 
How to determine the decrement:fromithe mea-. 
sured angles of the crystal .....05..007/293- 
How to debernine: the apts whet; ate law of! 


a7 4 


abate of strninenidrtey method of iid enTh 
_.. tion.to a particular case. ......ews. ob. 87889 
‘(ON THE DIRECT DETERMINATION OF THE LAWS) OP DEA! i i | 
CREMENT FROM THE PARALLELISM ‘OF THE SECONDARY 
EDGES OF CRYSTALS. 600. 0s) wesw eee eee eee cenees 
Metunops OF DRAWING THE FIGURES: OF CRYSTALS. ewe stvSO2 
ON MINERALOGICAL. ARRANGEMENT. 0.0... a(S BAGO 439 
ALPHABETIOAL ARRANGEMENT 0 SF MINERALS: witirike i 
/ SYNONYMES AND PRIMARY FORMS o.0ieeeesd. 461--49% 
TABLE OF PRIMARY FORMS: ARRANGED ACCORDING amor 4 
THEIR CLASSES ,.ecse ce ccc vee stiasvesledne 4984501 


Td 


es a 


CORRIGENDA. 


The reader is requested to make the following corrections with the 
pen, most of which are important to the accuracy of the text. 


The lines reckoned do not include the running titles, or the word Fig. 


Page 39, line 8, for direction of ¢, ... read.... ¢ 
40, — 1, gS ar whe eS a lines. 
43, — 21, — tetrahedrons ....,....... tetrahedron, 
80, — 7 from the bottom, for class z... class'o. 
92, — 2, for deduced ...... docucce veces Gerived. * 
97, — 2, — together with ..;...... and: . 
7 5, after symbols .... . add ,... will follow 'the tables of 
modifications. 
107, — 9, for 120°15/52".... read seese. 125°15/59" 
FS ak) 9, 1 smOPs asl! AY AAU, . 70°31/44" 
BAS; — By 4 9 20°N5524 aes seins heise 125° LI52! 
177, — 6, — anda rhombic base..,... witha rhombic base., 
18i,— 6 from the bottom, for FP PM or 
SOLS 4 °C, Tor Pots. sees sy Sy lesen yey i 
207, — 6, after intersect .... add ...... two of. 
‘209, — 10, fot div cesses ted WEG ak b 
213;— 9 ‘from the. bottem, after diagonals, add, or ies 0 
ep Be we) Fy ROT OF. eciale sce age LOA ie a0. Ps 
257, — 5p K serttee acer eee nee tees > 
pee i 
‘260, -— 3fromthebottom,forP ...... A 
Pp c 
270, — 3,5 for Gp. cece re cee sce ce C80r 4 &q 
—~ 6, —~ Bq . seer. cccecees coowsee Hg 
277, — 2, — Bp B’p o.cseseocecssccee i a 
G08 s Wo hen ae es 
298, —- 18, — tf ...ceceeee Paes < 56s es aie 
S$Ol, — 15, — Ep ie. eee te. ee sees Fp 
310, — 10 from the bottom, for B/q B"r... B’qB'r 
Sib, —~ 9, alters io eo 6s BE gil dad 
Pag 1 i Ri PIN RC Tan SL ROR - 
— 3%from the bottom for B/qB!'r read B'qB’r 
S315, — 12, for cos:Ag ooee.s-eee-e- «eee COS. AZ 
. — 16, afer sin.(120°—A,)..add.. : 
316, — at the bottom, after = in both formulz, add R, 
317, — 9from the bottom, for aiec read abod. 
319, — 8 after (Ig—Z,) add: 
322, — in both formule, after—... add R. 
323, — 10from the bottom, fora... read c. 
324,— 2, foro, and o, ,....eoceeeees «. d, and d. 
326, — 5fromthebottom, forcos.§J, .. cot. § Iz 
as eet” Ny LOT a2 66 wp sro asig nw 5.5.0 0'n'0\6 Seis a ies 
51; ha? Ee SSID COR es pes. gigs 
— 1], inthe formula, for sin. $7,... sin. J, 
353, — atbottom, for ae...-..ssecccces Ble 
$54, —- 1, OF we soe) see eeinns sianswed Bb 
baer not 5, — R. eoeeteee ee ee eeeeeese fot 
ees By RECEDES oS ene se ce) GUE oss o's 
$77, — at bottom, for tang. ($ J—=45°) aud tang. ($1—45°) 
390, — —— — 39°2/30"— ........ 39°2/30//— 
391, — 5 fromthe Beecut for 4°15/39" . «. 4°15/33" 
392, — 4, for 4715/32! ....,......08. wees 4915/33! 


standing over the diagrams. 


6, — 28°10/26" eee@ce@aeaeeove eacgee@ 28°10/27!! 
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DRPINITIONS: » 10h iB anil 8 ogee 


THE obsett of ‘hes science 2 of Ciyetallog raphy, 
regarded. asa branch of mineralog gy, is-to trace and to 
demonstrate those relations and differences between 
the various crystalline forms of. minerals, by means of 
which we are enabled generally to discriminate: the 
different species. of srzeberieees minerals ’ ; 
other. | | , ad Mt thn EN 

A crystal, in mineralogy, i is any symmetrical minéral 
solid, whether transparent or opaque, contained with- 
in plane, or sometimes within curved surfaces. ~~ 

These surfaces, as a, b, iz fig. Ta are piled planes 
or faces. hie aia Salata el gh Sha OG 


The viiteieth planes obit a -erystal a as s they 0 occur in 
nature, are called.its natural planeseise wicrseascinia 

Crystals may sometimes be split in. -directibns 
parallel to their: natural oe and: hy 3 in 
other directions. — he AL ed 

The splitting a crystal in any direction, $0 as: to 
obtain a new plane, is termed cleaving it, and the 
crystal is said to have a cleavage in the direction i In. 
which it may beso split... » 

The planes produced by cleaving a crystal are called 
its cleavage planes. 9). 

An edge, asd fig..1, is ‘the line produced by the 
meeting of two planes. sche, BREE ha. 8 


A 


9 DEFINITIONS. 


A plane angle, or as it is more commonly termed, 
an angle, is ‘formed by the meeting of any two Fe 
or edges. The angles doe, dog, Rie. 1. are formed 
by: ie: meeting of he lines do, oe, add do, og. 

Avsolid angle is produced by the meeting of three or 
more plane aneers as at o, fig. I. 


le Figs Qs" 


“The measure, OY, as it is Wp talhites termed, the 
value of an angle, is the number of degrees, minutes, , 
&c. of which it consists; these being determined by 
the portion of a circle which would be intercepted by 
the two lines forming the angle, supposing the point 

of their meeting to be in the centre of the circle. 

For the purpose of measuring angles the circle is 
divided into 360 equal parts, which are called degrees; 
each degree into 60 equal parts, which are called 
minutes: and each minute into 60 seconds; and these 
divisions are thus designated; 360°, 60’, 60”,—the °° 
signifying degrees, the’ minutes, the ” seconds. 

If Lof the circle, or 90°, be intercepted by the two 
lines ao, ob, fig. 2, which meet at an angle a ob in 
the centre, those lines: are. perpendicular toveach 
other, and the angle at which they meet is said to 
measure 90°, and is termed a right angle. | 

If less than } of the circle be so intercepted, as by 
the lines 0b, 0 t; the angle boc will measure less than 
90°, and is nes to be acute. Ifit measure more than 
90°, as it would if the angle were formed by. rej ames 
ao, oc, it is called obtuse. 


f 


DEFINITIONS. 8 


‘The lines 4,0, 0.b, or a0, 0c, or.b.0, 0c, are sometimes 
said to contain aright, an, obtuse, or,;anacute angle. | 

In fig. 1, the plane a, and that'on Which’ the’ figure 
is ie, pee to rest; are called: susimits, or Buses, or 
terminal planes, ahd the planes 6 and c, with those 
parallel to them, are termed /ateral planes. 

The edges of the terminal planes, as d, (€, mM; n, 
fig. ], are ‘elle terminal edges. 

“The edges f, g, 4, produced by the meeting of the 
lateral planes, are termed lateral edges. | 

The planes of a crystal 2 are said to be similar when 
their corresponding edges are proportional, ‘and their 
corresponding angles equal. . 

Edges are similar when they are produced by the 
meeting of planes respectively similar, at equal angles. 

Angles are similar when they are equal and con- 
tained within similar edges respectively. 

Solid angles are ite when they are composed of 
equal numbers of plane angles, of which the corre- 
sponding ones are similar. | fees 


Fig. 3, 


. An equilateral triangle, fig. 3, is a figure contained 
within three equal] sides, and saved three equal 


angles... 
! Fig. 4, 


. An: isosceles triangle, fig. 4, has two equal. sides, 
a, 6, which may contain either a right angle, or,an 
A2 


\ 
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acute, or obtuse angle.” If the contained angle be. 

Jessathan aright angle, the triangle is called: acute, 
but if greater, it is called\obiuse. The line on which 
cis placed) is. called. the base of the abies 
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| ‘ge Bi has. fout equal sides, containing 
: ‘four ight angles.” . : 


eg ye | Bef 
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sig rectangle, fi 7, ‘has its $ adjacent wide a and b, 
viel, the four contained angles being right one. 


inet 


“Fig. 8. 


“A rhomb, fig. 8; has four equal sides, jpeiie its ad- 
jhecnt angles, ‘a alld b, Ki a a ae ait 
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An oblique angled parallelogram,* fig. 9, has its 
opposite sides parallel, but its adjacent sides a, b, and 
its adjacent angles, c, d, unequal. | 

Where certain forms of crystals are described with 
reference to the rhomb as. the figure of some.of their 
planes, they are termed rhombic.t oh) ess} noo bee 
A parallelopiped is any solid contained within three 


pairs of parallel planes. *' ‘ 

Crystals are conceived to be formed by the aggre- 
gation of homogeneous molecules, which may be again 
separated from each other mechanically, that is, by 
splitting or otherwise breaking the crystal... » 

_ These molecules, which relate properly to the crys- 
‘tal, must be carefully distinguished from the elemen- 
tary particles of which the mineral itself is composed. 

‘Sulphur and lead are the elementary particles, 
which, by their chemical union, constitute galena ; 
but the molecules of galena are’ portions of the com- 
pound crystalline mass, and are therefore tobe re- 
garded as homogeneous, in reference to the mass itself. 

* A parallelogram is any right lined quadrilateral plane figure, whose 
opposite sides are equal and parallel. 

+ What is here called rhombic, most writers on this subject have, in 
imitation of the French idiom, denominated rhomboidal; but as the term , 
rhomboid has been used in works on geometry to signify an oblique 
angled parallelogram, and as the same term has also been already 
appropriated in crystallography to a solid contained within six equal 
rhombic planes, the application of the term rhomboidal to any other solid 
seers to involve a degree of ambiguity. The term rhombic is, besides, 
more conformable to the practice of our own languege. bo 
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All minerals which are composed of similar ele- 
mentary particles combined in equal proportions, and 
whose molecules are similar in form, are said to 
belong to one species. 


The same species of mineral is frequently observed 
to crystallize :in a great variety of forms, 

From among mes variety of crystalline forms: under 
which any species of mineral may present itself, some 
one is selected as the primary, and the remainder are 
termed secondary forms. | 

A primary form is that parent o or ‘derivative form, 
from which, all the secondary forms of the mineral 
species to which it belongs, may be conceived to be : 
derived according to certain laws. 

The primary forms are at present supposed to con- 
sist of only the foliowing classes. 


Fig. 10. 


The cube, fig. 10, contained. within six square 
planes. - | 


Bich oe Pons Sesh: 


The regular tetrahedron, fig. 11, contained within 
four equilateral triangular planes. The solid angle 
at a, is sometimes called its summit. : 
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‘The silica sheet biel fis 12, resembling’ two 
aussi pyramids united base 46 base, ~The planes 
are equilateral triangles, and the common base of the 
two pyramids (which will hereafter be denominated, 
the base of the ane i isa square. IDE i 


Fig. 13. 


The rhombic dodecahedron, fig. 13, contained with- 
in twelve equal rhombic planes, having six solid 
angles, ‘consisting each of four, acute plane angles, 
two epposite. ones asa, Db; being sometimes called. the 
summits, and eight. baled angles consisting each of 
three: > nigh plans esl 
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An octahedron with a square base, fig. 14, contained 
within eight egwal isosceles triangular planes; the 
bases of the triangles constitute the nee of the base 
ofthe octahedron... wi | 
_ When the plane angle: at’ a measures Ths than 60°, 
the octahedron is called acute. | 

When the angle at a is greater than 60°, the tan 
hedron is called obtuse. 

The square base serves to distinguish this class from 
the two which follow it. The isosceles triangular 
planes distinguish it from the regular pedeacilen' 


An octahedron with a rectangular base, fig. 15.'The 
planes of which are generally isosceles triangles, but. 
not equal. The plane angles at c and d of the planes 
a and a’ being more obtuse than those of the planes b 
and 6’; and “the planes a, and a’, inclining to each 
other at a different angle from that at which those 
marked 6, and 6’, meet. 


men gui be bbe ae | i | 3 i 3% 
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A - Fig. 16. 


An. colaieell with a ‘hapa base, ay 16, contained 
within eight equal scalene triangular planes. 

The ilid angles at a, b, ie. 12 and 14, and c, d, 
fig. 15 and 16, are sometimes called the summits of 


the octahe dapnt 


alk greene prism alk a square nent figs iT, or nirighs 
sauldre. prism, the, edge, a, being, ichanas greater..or 
less than 6: if a, and 6, ‘were. sequal the. wi would 
be a cube. phe to 


“Fig 18. 


A right prism with a rectangular base, fig. 18, ot 
right rectangular prism, whose three edges a, b, c, are 
unequal. For if any two of those were equal, the 


mies 
SO J 


Vr are also parallel. m 

Those ‘prisms which stand Ps tan when ree on hoe base, 
are called right prisms, “'Thosé which incline from the perpendicular, are 
called ob/ique prisms. 


B 


ae 
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- Fig. 19. 


A right rhombic prism, or right prism whose base is 
-arhomb, fig. 19, and whose lateral planes a, 6, are 
equal. ‘These planes may be either square or rectan- 


A right oblique-angled prism, or right prism whose 
base is an oblique-angled parallelogram, fig. 20, and 
‘whose adjacent lateral planes a, b, are unequal. One 
of these planes ‘must be rectangular, the other may 
be either a square or a rectangle. N 


‘Fig. 21. Was 


An oblique rhombic prism, or oblique prism whose 
base is a rhomb, fig. 21, and whose lateral planes d, e, 
are equal oblique-angled parallelograms—if they were 
equal shombs the solid would be a rhomboid. _ 
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Fig. 22. 


a 


more aaa 


» A doubly oblique prism, fig..22, whose bases and 
whose lateral planes are generally. oblique-angled paral- 
lelograms. The only equality subsisting among these 
planes, is between each Pane of opposite or parallel 
ones. | 


Bie: a, 


The rhomboid, fi. 23, a aidlid ioatianéd within six 
equal rhombic planes, and having two of its solid 
angles, and only two, as a, 6, composed each of three 
equal plane angles; these are sometimes called, the 

summits. 
eat | Fig. 24. 


_ The regular hexagonal prism, fig. 24, or pitt pr ism 
whose bases are regular hexagons. 


The secondary forms of crystals consist 'of all those 
varieties belonging to each’ i of mineral, shale | 
differ from the primary form. a | 

These, although extremely numerous, may be re- 
duced to a few principal See as will re in the 
sequel. 

B2 
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A line, as ab, or cd, fig. 25, drawn through two 
opposite angles of any parallelogram, and dividing the 
plane into two equal parts, is called a diagonal of 
that plane, © J : . 

In the oblique rhombic prism, the doubly oblique 
prism, and the rhomboid, fig. 21, 22, and 23, the line 
ac, which appears to lean from the spectator, will be 
termed the oblique diagonal, and the line fg of the 
oblique rhombic prism, and df of the rhomboid, the 
horizontal diagonal, — 

The line d fof the doubly odlique prism, may also 
for the sake of distinction be termed its horizontal 
diagonal ; although from the nature of the figure, 
that line must be oblique when the lateral edges are 
perpendicular, 


The diagonal plane of a solid, as abc d, Hesape |! 
is an imaginary plane passing through the diagonal 
lines of two exterior parallel planes, dividing the 
solid into two equal parts. !  * 


The axis of a crystal, generally, is an imaginary . 
line passing through the solid, and through two oppo- 
site solid angles. — , | 

In prisms, this may be termed an oblique axis, to 
distinguish i{ from ‘another line which passes through 
the centres of their terminal planes, and may be 
termed a prismatic axis. : | att 

The axis of a pyramid, passes through its terminal 
point and through the centre of the base. 
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In the cube, an axis passes through the centre and. 
through two opposite solid angles, ab, fig. 26; from. 
the perfect symmetry of its form, the cube has a simi-. 
lar axis in four directions, or passing through its 
centre and through each pair of opposite solid angles, 


iy § 


| Fig. 97... 


The axis of ‘ns ales te! retrithidide Sun dals Eapbiighi 
the centres of the summit'and base as a }, fig. a7, ahd 
‘It has a similar. axis in four directions in consequence 
of the sym metrical nature of its form, — 


Fig. 28. 


‘In all) ovtahedrons the axis ‘passes! through the two 
summits and through the ‘centre of the base; as a6, 
fig. 28; the: ean a eiiebania niacin ane its solid 
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angles similar, may be said to have a similar axis 
in three directions. | 

But the lines c d, e f, joining the opposite lateral 
solid angles of irregular octahedrons, may be called 
the diagonals of their base. 


Fig. 29. 


bi 


The rhombic dodecahedron has two dissimilar sets of 
axes passing through its centre ; one set, as a b, fig. 29, 
passes through the pairs of opposite solid angles, 
which consist each of four acute plane angles, and 
may be called the greater axes; another set, as c d, 
passes through the solid angles Yedlitch: consist of three 
obtuse plane angles each, and may be called the lesser 
axes of the crystal. : 

‘ Fig. 30. 


* \ 


The right square, and right reclangular prisms, 
have each an axis in four directions similar to @ b, 
fig. 30 and 31, but as prisms they have an additional 
y prismatic axis, c d. 
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Fig. 32. 


. vi 
ees 

The right rhombic prism, fig. 32, and right oblique 
angled prism, fig. 33, have each two greater and two 
lesser axes. The greater axis, a b, passes through the 
solid angles which terminate the acute edges of the 
prism, and the lesser, c d, through those which ter- 
minate the obtuse edges of the prism. They have also 
the prismatic axis, ¢ /: ) (98 Toes fraawe 


Fig. 34. siti tioe 


The oblique rhombic prism has, besides the pris- 
matic axis, 7 k, fig. 34, a greater, a lesser, and two 
transvere axes. ‘The greater axis is that which passes 
through the two acute solid angles of the prism a, d; 
the lesser that which passes through the two obtuse 
solid angles of the prism c, d, and the tranverse, 
those which pass through the lateral solid angles; 
€ J; 8; h. $a Sb | hida 
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The doubly oblique prism has four unequal axes 
passing through the pairs of opposite solid angles, 
ab, &c. fig. 35; it has aiso the prismatic axis? k. © 


_ The line‘a 6, -fig. 36, which passes through the 
summits of the rhomboid, may be called the: perpen- 
dicular axis, and those lines, c d, ef, gh, which 
. pass through the opposite pairs of lateral solid angles 
may be termed the ¢éransverse axes. But the lines 
a b, and cd, are sometimes called the greater and 
lesser axes of the rhomboid. 


Fie. 37. 


~The line a b, fig. 37, passing throu, h the. opposite 
solid.angles of the hexagonal prism, may be termed 
an axis; but the prismatic axis, ¢ d of this form, is 


that which is most generally regarded as its axis. 


Ay 
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‘The diagonals and axes of crystals are imaginar Yy 
tid by means of which the secondary planes of crys- 
tals may frequently be. described with greater pre- 
cision than could be attained without their assistance ; 
they also facilitate the mathematical investigations : 
into the relations which subsist between the nial 
and secondary forms. 

The diagonal planes are imaginary ais of a 
similar character. 


A crystal is said to be in position, when it is so 
placed, or held, as to permit its being the most easily 
and precisely ehedivelt and Hesenbed: 

For this purpose tetrahedrons are made to rest on 
one of their planes, as in the figure already given. 

Octahedrons are supposed to be held with the axis — 
vertical, and in this position the plane angles at a 
and 0, i) 28, are called the terminal atieles and the 
abies ac, ad, ae,a Ss the siveinil Aol ob or edn of 
the pyramid. 

The edges ed, df, &e. may be termed edges of the 
base ; id the Rigies aed, adf, lateral ansies: - 

‘The angles of ihe base are the angles ced, or edf. 
_ The cube stands on one of its planes, and all prisms 
on their respective bases. 

Rhombic dodecahedrons are supposed to be held 
_ with a greater axis vertical, as in the former figure. 

The rhomboid is ‘also dS Set to be held’ with i its 
edaapeniaamns axis vertical. 


Crystals are supposed to be first formed ssi) the 
aggregation of a few homogeneous molecules, which 
arrange themselves around a single central molecule 
in some determinate manner; dad they are conceived 
to increase in magnitude, by the continual additions 
of similar molecules to their surfaces. | 

C 
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In these additions, the molecules appear to arrange 
themselves so as to form lamine, or plates,’ which 
successively, either partially, or wholly, cover each 
otheras cist ry Tas¥ 2} eis 
.. These plates are theoretically supposed to be either 
single, that is, of the thickness of single molecules, or 
to be double, treble, &c. that is of the thickness of two, 
three, or more molecules. : boten 


Fig. 58. 
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Fig, 38 represents a single plate of molecules. | 


Fig. 39. 


| 
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patents 1 
Fig. 39 represents a double plate. 


When such additions envelope the whole of a 
smaller crystal, its original form is preserved through 
every increase of size. | 

Fig. 40 represents a right rectangular prism which 
has increased in magnitude without change of figure. 

When the additions do not cover the whole surface 
of a primary form, but there are rows of molecules: 
omitted on the edges, or angles of the superimposed. 
plates, such omission is called a decrement. 
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‘The jain fest has been te aie to opares 
_ these omitted rows of molecules, because, in conse- 
quence of such omissions, the primary form on:which 
the diminished plates are: successively laid, appears 
_ to decrease as it were, on the edge or angle on: which 
such omissions take place. DA 

Decrements are said to begin at, or i beh out sadly 
the particular edge or angle at which the omission of 
molecules first aie place ; and to proceed along that 
plane on which the defective plate of molecules is 
conceived to be superimposed, And they are said to 
take place either in breadth or in height. — 

Decrements in breadth are those which result from 
the reduction of the saperficial area of the super- 
imposed, plate, by the abstraction of rows of moleenles 
from its edges or angles, : 

Dine erie in height relate to the thickness of the 
plate from which the abstraction of rows of molecules 
takes place. 


Let c d fig. Al, ceteaent an edge of a primary 
form, and let a 6 represent an edge of a double plate 
of molecules, from which one row hak been abstracted ; 
the haiti or omilted portion of this superimposed 
plate, would be stated to consist of one row in breadth, 
or one row omitted upon the terminal surface of the 
primary crystal, and two rows in height, signifying 
that the omitted row belonged to’a double plate of 
molecules; a bcd would be the ih of ~~ new 

plane ibgabitbc by this. decrement. : , 
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Decrements have been divided by the Abbé Haty 
- into three principal classes—simple,' mixed, and inter-. 
‘mediary, The simple and mixed may however, in 
strictness, be regarded as varieties of the same class. 

Simpie decrements are those which consist in the 
abstraction of any number of rows, in breadth of single 
molecules, or of single rows, belonging to plates of 
two or more molecules in thickness. ; 

Fig. 42 exhibits a simple decrement by one row in 
breadth on the edge c d of the primary form. — 


Fig. 43. 


e 
eB, 


Fig. 43 exhibits a simple decrement by one row in 
breadth, on the angle c of the primary form. | 

For the sake if rendering the ex peeiol rows 
of molecules generally applicable to decrements both 
on the angles and edges of a primary form, the term 
row is applied to express the single molecule 4 i 
abstracted from the angle of any plate. 


In fig. 44, the single molecule a, b, is regarded.as 
the first row to be abstracted from the angle of the 
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imaginary plate; the two molecules c, d, as the second 
row; the three molecules.e,\f,.as the third row, and so | 
ON... 4 « ae. ryayek 


Fig. 45 shews a simple decrement by two rows in 
height on the edge of the primary form. 


Fig. 46 shews a simple decrement by two rows in 
height on the angle of the primary form. 

It is observable i in these’figures, that each successive 
plate is less by one row of molecules than the plate 
on which it rests. It is by this ‘continual recession of 
‘the edges of the added plates, that the crystal appears 
to decrease on its edges or angles, and that‘new planes 
‘are produced. )' The edges’ of the new planes which 
would be produced by the four preceding decrements, 
are shewn by the lines @ bc d, fig. 42 nis 45, Nee 
= the lines a bc, ve 43 and 146. dah 


A erat decrement i is one in aphien unequal numbers 
of molecules are omitted in height and in breadth, 
neither of the numbers being a multiple of the: sire 
such as three i in height and, two in Cas or four 1 in 


ha! The oR of eryst wy are $0. minute, as to render pn cone itl- 
equalities my puceace imperceptible which « are occasioned by decrements. 
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_heig ght. and, three, im breadth; for: if - either. silane 
were, a. multiple. of the other, as would be the: case if 
_ the, supposed _ decrement took place by two rows in 
height, and four in breadth; -Or- three.i in height.and six 
in breadth, the new plane thus produced | would, be 
perfectly similar to that which would result from a 
decrement by ove row in height and two in breadth, 
_ and would therefore belong to the planes produced by 
simple decrements. Soe Sis 


Fi ig. AT shews a: Wana decrement on an aipe of the 


primary form by. (200. rows.in. breadth: and three in — 


height, and. the lines a bcd mark, the position of the 
new plane produced: by, this decrement. . 
It. has been. found. convenient .to- express mixed 
decrements, by fr actions, of which,the numerator, or 
upper figure, _denotes. the, number of molecules in 
breadth, and. the. denominator, or lower; figures the 
number in heights. abstracted fromthe .edgeorangle 
of the superimposed plates; thus, a deaoniaciat by 3 
would: imply..a .decrement. + by three. molecules in 
breadth and oe in ibiglgs 
akF ier cRiarYd hea ements affect: only the sabia angles 
of crystals, and may be conceived to consist in. the 
abstraction of rows.of compound molecules from the 
‘successively superimposed plates, each: compound. mo- 
lecule containing unequal numbers of single molecules 
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tn length, breadth, and height... Thus if we suppose the 
compound molecule abstracted in. an intermediary 
j decrement to belong to.a single plate, it must consist 
_ of some other numbers.of molecules in the directions 
d, and ¢, fig. 48.*: ! “ : 


? 


Fig. 48, 


Fig. 49 exhibits an intermediary decrement ‘in 
which the compound molecule consists of three single 
molecules in height, four on the edged, and two on 
the edge e, producing the new plane a-dic.. 

In the simple and mixed decrements upon anangle, 
as shewn in fig. 43 and 46, the number of molecules 


eg 
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* It may be remarked that the planes produced by simple and mixed 
decrements, intersect one or more of the primary planeé in lines parallel 
to one of their edges or diagonals. ‘The term intermediary has been‘used. 
to express this third class’ of decrement, -because\ the: Jine:at which the 
secondary plane produced by it, intersects any primary plane, is never e 
parallel to either an edge or diagonal of that-plane, but is an intermediate 
line between the edge and the diagonal, as may be observed by come 
paring the figures 42, 43, and 48. Ma | 
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atherted i in the airettion d, will always be equal to 
the number abstracted in the direction e. Thus if it 
be a simple decrement by one row in breadth, one 
molecule will apparently | be omitted on each of the 
edges d, and e, as in fig 43. But in an intermediary 

dbsrenieut: the numbers are obviously unequal in the 
direction of those edges, and the number in height 
will also differ from both the numbers in the direction — 
of the edges, as in fig. 48 and 49. 


The new planes produced by sea hits are deno- 
minated secondary planes, and the primary form, when 
altered in shape by the interference of secondary 
planes, is said to be modified on the edges or angles 
on which the secondary planes have been produced. 
And such edges or angles are sometimes also said to 
be replaced by the eriemtocntl planes. 

The law of a decrement is a term used to express. 
the number of molecules in height, and br eadth, 
abstracted from each of the successively superimposed 
plates, in the production of a secondary plane. 


' When an edge, or solid angle, is replaced by one’ 
plane, it is said: to be truncated. When an edge is 
replaced by two planes, which respectively incline on 


the adjacent pre rig at ie a angles, it is 
bevilled.. 


| If any secondary stad replacing an edge, and being 
parallel to it, incline equally on the two adjacent primary 
planes, or if replacing a solid angle, it incline equally 


on all the adjacent Padding planes, it is called a tangent 
aie 


OF THE eek iblaan a 
The instruments used bie measuring thie’ antes at 


which the planes of crystals meet, or, as it is frequently 
expressed, incline to each other, are called goniometers. | 


Fig. 50. - 


Let us suppose the ae required at which the 
planes a, and 6, of fig. 50, incline’ to each other. 

The: andUtiitionn of those planes is determined’ by the. 
portion of a circle which would be intercepted by two 
lines ed, ef, drawn upon them from any point e of the 
edge formed by their meeting, and perpendicular to 
that: edge—the point e —o weld ye: to’ stand in the 
. contees vcd the circle. : | 


Fig. 51. 


No ow it is eno that if two Nahe lines as ef, d h, 
fig. 51, cross each other in any direction, the Opposite 
angles def, geh, areequal, 

D 
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If therefore we suppose the lines gf, dh, to be very 
thin and narrow plates, and to be attached together 
by a pin at e, serving as an axis to permit the point 
f to be brought nearer either to d, or to h; and that 
we were to apply the edges ¢ d, ef, of those plates, to. 
the planes of the crystal fig. 50, so as to rest upon the. 
lines ed, ej, it is obvious that the angle geh, of 
the moveable plates fig. 51, would be exactly equal to 
the angle def of the crystal fig. 50. 5 


Fig. 52. | Fig. 53. 


The common goniometer is a small instrument: cal-. 
culated for measuring this angle geh, of the move- 
able plates. It consists of a semi-circle, fig. 53,. 
whose edge is divided into 360 equal parts, those, 
parts being half degrees, and a» pair of moveable. 
arms dh, gf, fig. 52: The semicircle having a pin at. 
i, which fits into a hole in the moveable arms ate. 

The method of using this instrument is, to apply the 
edges de, ef, of the moveable arms, fig. 52, to the 
two adjacent planes of any crystal, so that they shall 
accurately touch or rest upon those planes in directions 
perpendicular to the edge at which they meet. The 
arm dh, is then to be laid on the plate mn of the 
semicircle fig. 53, the hole at ¢ being suffered to drop 
on the pin.at 7, and the edge nearest to 4 of the arm 
ge, will then indicate on the semicircle, as, in. fig: 54, 
the number of degrees which the measured angle 
contains. : 
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Fig. 54. 


“When this instrument is applied to the planes. of a a 
crystal, the points d and _f, fig.52, should be previously 
brought sufficiently near together for the edges de, 
ef, to form a more acute angle than that about to be 
measured. The edges being than gently pressed upon 
the crystal, the points d, and f, will be gradually 
separated, until the edges coincide so accurately with 
the planes, that no light can be perceived between | 
them. , 

The common goniometer is however incapable of 
affording very precise results, owing to the occasional 
lppehegtion of the planes of crystals, their frequent 
minuteness, and the difficulty of applying the instru- 
ment with the requisite degree of precision. 

The more perfect instrument, and one of the high- 
est value to Crystallography, is the reflective gonio- 
meter invented by Dr. Wollaston, which will give the 
inclination of planes whose area is less than z59’s03 
of an inch, to a minute of a degree. 

_ This instrument has been less resorted to, than 
might, from its importance to the science, have been — 
expected, owing perhaps to an opinion of its use 
‘being attended with some difficulty. But the ohsery- 
,ance unr a mNeine aia rae will render: its application 
séasy. uy Le | 
pn 2 
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The principle of the instrument may be thus ex- 
plained. 

‘Let us suppose a bc, fig. 55, to be a crystal, of which 
one plane only is visible in the figure, attached to a 
circle, graduated on its edge, and moveable on its 
axis ato; and a and 6 the two planes whose inclina- 
tion we require to know. 

And, let us further suppose the lines o €, 08, ‘to be 
imaginary lines resting on those planes in directions 
perpendicular to their common edge, and the dots at z 
and h, to be some permanent marks ina line with the 
centre o. 

Let us suppose the circle in such a position, that 
the line oe would pass through the dot at h, if ex- 
tended in that direction as in fig. 55. 


Fig. 56. 


If we now turn round the circle with its attached 
crystal, as in fig. 56, until the imaginary line o g, is 
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brought into the same position as the line oe is in 
fig. 55, we may observe that the No. 120 will stand 
opposite the dot at 7. 7 

This is the number of degrees at: which the planes 
aand 6 incline to each other. For if we suppose the 
line og, extended in the direction 07, as in fig. 56, it 
is obvious that the lines oe, oi, which are perpen- 
dicular to the common edge of the planes a and b; 
would intercept exactly 120° of the circle. 

Hence an instrument constructed upon the principle 
of these diagrams, is capable of giving with accuracy 
the mutual inclination of any two planes, if the means 
can be found for placing them successively in the 
relative positions shewn in the two preceding figures. ' 


Fig. 57. 


7 


When the planes are sufficiently brilliant, this pur- 
pose is effected by causing an object, as the line at m, 
fig. 57, to be reflected from the two planes a, and 0, 
successively, at the same angie. | x 

It is well known that the images of objects are 
reflected from bright planes at the same angle as that | 
at which their rays fall on those planes; and that 
when the image of an object reflected from a horizon- 
tal plane is observed, that image appears. as much 
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_ below . the, TARRY NS, surface, i as the mabieet: itself 1 Is 


abor 
Tf UNoretone ‘the planes a, ‘sear h, ie 57, abet suc- 
~cessively brought into” such positions, as will cause 
the reflection of ‘the line at m, from each plane, “to 
appear to coincide with another line at , both planes 
will be successively. placed in the relative positions 
of the corresponding planes in figs. 55 and 56. 


: 
| Fi } 
ergs Wye ty GO Ski So cay asses Ig. 58. 24 
* e 4 ¥ 7% % oy 
Mm a y ap q Fe 7 > 4 _ 3 : 
eae eek sy ex: e eh ue :% 4 ae as 


Te bring: cae planes ‘of any arpa <adieattaly’ difto 
~4HaSe relative positions by the assistance of the ‘refléc- 
‘itive goniometer, © ane following directions will ‘be 
‘found ‘useful. bia Mote Bt et Ma Meealosine 

ovhe’ instrument, as shewn™ in the’ bearalt ag “58, 
ahdula be first’ placed ona ‘pyramidal’ stand, and the 
ostand on a sinall steady table, 1 pi about ch to poe or 
“49 feet: from'a ‘flat window. ete h MO GLDO 

The graduated circular plate should stand perpen- 
dicularly ‘from the window, the ae x ‘being: hoptsontal, 
‘with the slit end nearest to the eye.* 

_ Place the erystal which is to be i vaauiea? on the 
‘able, beet on one of His planes whose inclination is 


rk 
cone 


'@ This. goniometer’ is sometimes drawn with fhe pin x in the direction of 
dts axis, in which position of the. pin, the instrument Lae he regarded 


& as nearly | useless, ere ie Eppe ee be sf hat: see) ate we F hisnios 


5 ee he 
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required, and with the edge at which those planes 
meet, the farthest from you, and parallel to the win- 
dow in your front. : 


Fig 59. 


4 , fF 4 

Attach a portion of wax about the size of d, to one 
side of a small brass plate e, fig. 59_—lay the plate on 
the table with the edge f parallel to the window, the 
side to which the wax is attached being uppermost, 
and press the end of the wax against the crystal until 
it adheres ;, then lift the plate with its attached crys- 
tal, and place it in the slit of the pin x, with that 
side uppermost which rested on the table. nat 

Bring the eye now so near the crystal, as, without 
perceiving the crystal itself, to permit your observing 
distinctly the images of objects reflected from its 
planes; and raise or lower that end of the pin x 
which has the small circular plate affixed to it, until 
one of the horizontal upper bars of the window is 
seen reflected from the upper or Jirst plane of the crys- 
tal, which corresponds with plane d, fig. 55 and 56, 
and until the image of the bar is brought nearly to 
coincide with some line below the window, as the 
edge of the skirting board where it joins the floor, 

Turn the pin & on its own axis, if necessary, until 
the reflected image of the bar of the window coincides 
accurately with the observed line below the window, 

Turn now the small circular plate a on its axis, 
and from you, until you observe the same bar of the: 
window reflected from the second plane of the crvstal 

“corresponding with plane }, fig. 55 & 56, and nearly 

_ coincident with the line below; and having, in adjusting 
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the first plane, turned the pin x on its axis to bring the 
reflected image of the bar of the window to coincide 
accurately with the line below, now move the lower 
end of that pin laterally, either towards or from the 
instrument, in order to make the image of the same 
bar, reflected from the second plane, coincide with the 
same line below. : 

Having assured yourself by looking repeatedly at 
both planes, that the image of the horizontal bar 
reflected successively from each, coincides with the 
‘same line below, the crystal may be considered as 
adjusted for measurement. Sarat ‘ 

Let the 180° on the graduated circle be now brought 
opposite the o of the vernier at c, by turning the 
middle plate b ; and while the circleis retained accurately 
in this position, bring the reflected image of the bar 
from the first plane to coincide with the line below, 
by turning the small circular plate a. Now turn the 
graduated circle from you, by means of the middle 
plate b, until the image of the bar reflected from the 
second plane is also observed to coincide with the same 
line below. In this state of the instrument the ver- 
nier at c will indicate the degrees and minutes at 
which the two planes incline to each other. hae 
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Section I. 
| GENERAL VIEW. 


Tue segalatity: ve feibeteyt iSbeepehte! in "Di 
forms of crystallized bodies, must have early attracted 
the notice of naturalists ; bit they do not appear to 
have become’ objects of scientific research, asa branch 
of natural: history, until the time of Linneus. He 
-firstigave’ drawings and descriptions of erystals, and . 
attempted» to construct a theory concerning them, — 
somewhat analogous to his system of Botany. i 

“We. are indebted however to Romé de L’Isle for 
the first: rudiments of crystallography. He classed 
together those ¢rystals which’ bore some’ conimon 
resemblance, ‘and selected from each class some sim= 
ple formas the primary, or fundamental one; and 
conceiving this to be truncated in different. didatihis 
he deduded? from’ it ‘all its’ secondary forms ; and it 
was he who first distinguished the iRibetit. species 
of minerals from each other by the measurements of 
their primar 4 forms. | 

The enquiries of Bergman were nearly contem- 
poraneous with those of the Abbé Hatiy, and both 
these philosophers appear to have enterlained at the 
same time nearly the same views with regard to the 
structure of crystals ; both having supposed ‘that 
the production of secondary forms might be explained 
by the theory of decrements on the edges'o or angles of 
the primary. 

E 
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Here, however, Bergman’s investigation appears 
to have terminated, while the Abbé Hatiy proceeded 
to complete this theory, by determining the forms and 
dimensions of the molecules of which he conceived the 
primary forms were composed, and by demonstrating 
mathematically the laws of decrement by which the 
secondary forms might be produced. 

He also established a peculiar nomenclature, to 
designate individually each of the observed secondary 
forms of crystals; the nomenclature consisting of 
terms derived from some remarkable. character or 
relation peculiar to each individual form. . But the 
disadvantage accruing to the science from encumber- 
ing each individual. crystal with a separate name, 
must be immediately apparent, when it is considered 
that the rhomboid of carbonate of lime alone is capa- 
ble. of producing some millions. of secondary crystals 
by the operation of a few simple laws of decrement. 

The number of names -requisite. to. designate all 
these, if they existed, would form an insuperable 
obstacle to the cultivation of the science, of crystal- 
lography, even if it were practicable to devise some 
sufficiently short and simple terms for the purpose, 

To obviate the inconvenience arising from the use 
of so many individual names, the Comte de Bournon 
adopted a much simpler method of denoting the 
‘secondary forms. He numbered all the individual 
modifications he had observed, from one onwards, 
and as the secondary forms are produced either by a 
single modification, or by the concurrence of two or 
more single modifications, any secondary form what- 
ever might, according to his.method, be expressed. by 
the numbers which designate all the particular modi- 
fications which it is found to contain. , 

Mr. Phillips has adopted this method. in his papers 
on oxide of tin, red oxide of copper, &c. published in 
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the Transactions of the Geological Society, and has 
thus proved its utility for the purpose of crystallo- 
graphical description. ; 
The descriptive system of the Comte de Bournon, 
with some alterations, will be adopted in this volume, 
as well as the theory of decrements which constitutes 
the basis of the Abbé Hatiy’s System of i agers 


graphy. 
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SEcTION bis 
_ MOLECULES. 


The homogeneous molecules which are aggregated 
together in the production of crystals, are supposed 
to be minute, symmetrical, solid particles, contained 
within plane surfaces. They are also conceived to be 
again separable from each other by mechanical divi- 
sion, which however stops very short of the separa- 
tion of single molecules from the mass which has been 
formed by their union. 

For, however minutely we may divide a piece of 
carbonate of lime, we cannot imagine that we have 
ever obtained any single portion or molecule contain- 
ing only one atom or proportion of carbonic acid, and 
one atom or proportion of lime. ! 

This effect of mechanical division merely implies 
that the molecules are separated at their surfaces by 
cleavage, and are not divided or broken. And it thus 
serves to distinguish them from the elementary par- 
ticles or atoms which enter into their composition, 
and which cannot be separated from each other but 
by chemical agency.* 


* Although it is not immediately connected with Crystallography, 
I am induced to state an observation here which has occurred to me 
relative to the forms of the homogeneous molecules of minerals, when com- 
pared with the forms of the atoms, or elementary particles, of which those 
molecules are composed. 

We certainly know nothing of the forms of the atoms of those elemen- 
tary substances which do not occur crystallized, such as oxygen, hydro- 
gen, and many others. But we infer from analogy that the atoms of 
sulphur, carbon, the metals, and such other elementary substances as 
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_ The figures of the solid molecules. require to be 
explained in reference to each of the five following 
classes. of primary forms. 

1. The cube and all the other classes of parallela- 
pipeds, or solids contained within six planes. | 

2. The regular octahedron and all the other classes 
of eri 

_ 3. The regular naira 

4, The rhombic dodecahedron. - 

5. The hexagonal prism. . 


If we attempt to fracture a piece of galena, it will 
split into rectangular fragments. But we find by 
observing the secondary forms of galena, that its 
primary crystal may be a cube, and we know also 
that by supposing this cube to be composed of cubic 
molecules, the angles at which the secondary planes 
incline upon the primary, may be computed and de- 
termined with mathematical precision. We are there- 
fore led to infer, that if the rectangular Sragments ob- 
tained by cleavage could be bance to single molecules, 
those molecules would be cubes.+ 


are found crystallized, are similar in form to the molecules of ottlae crys 
tallized substances which present similar primary forms. 

Now according to two suppositions, the first being that entertained 
by the Abbé Haiiy, the other arising out of a theory which will be pres 
sently stated, the molecule of sulphur may be an irregular tetrahedron, ov a 
right rhombic prism, and the molecule of silver a regular tetrahedron, or a cube. 
But the compound of sulphur and silver crystallizes in the form of a cube. 
Hence the molecule of sulphuret of silver, arising out of the chemical 

union of irregular tetrahedrons with the regular tetrahedrons or cubes, accord 
_ ing to one supposition, or of right rhombic prisms and cubes, according to 
the cther supposition, performs the function of a cube, If-this subject were 
pursued it might be shewn that the cubic function is performed by 
molecules’ very variously composed. 

+ Whether these little cubes would consist of one or more atoms of 
lead and of sulphur, or how these elementary particles would be com- 
bined in the production of a cubic molecule, are circumstances not im- 
mediately relating to Crystallography, however interesting they may 
be as separate branches of enquiry. 
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“If we reduce a crystal of carbonate of lime to frag- 
ments, the planes of those fragments will be found to’ 
incline to each other at angles which are respectively: 
equal to those of the primary rhomboid. We there- 
fore infer that the molecule of carbonate of lime ts a 
minute rhomboid similar to the primary form. 

Sulphate of barytes may be split into right rhombic 
prisms, whose angles are respectively equal to those — 
of the primary eyeball It is therefore supposed that 
the primary crystal and the molecules of this substance 
are. similar prisms. 

Having thus found that crystals belonging to seve-, 
ral of the classes of parallelopipeds may be split into 
fragments resembling their respective primary forms ; 
and having assumed that these fragments represent 
the molecules of each of those forms respectively, it 
has been concluded that the primary forms and the 
molecules of all the classes of parallelopipeds are 
respectively similar to each other. 

This similarity does not however exist between the 
other classes of primary forms and their respective — 
molecules. 


Fig. 61. 


If a regular hexagonal prism of phosphate of lime 
be split in directions parallel to all its sides, it may 
be divided into trihedral prisms whose bases are equi- 
lateral triangles; these may be regarded as the mole- 
‘cules of this class of primary forms. 

Fig. 60 shews the hexagonal prism ebtnseed’s 
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trihedral prisms; and fig. 61 shews the trihedral 
prism separately. 


_ If we reduce a cube of fluate of lime to fraementa, 
we shall find that it does not split in directions paral- 
lel to its planes as galena does, but that it splits 
obliquely. If we suppose fig. 62 a cube of fluor, and 
we apply the edge ofa knife to the diagonal line a 6, 
and strike it in the direction of c, we may remove the 
solid angle ab ec. 


Fig. 63. 


oe 


If we again apply the edge of the knife to the same 
line a b, and strike it in the direction of /; we may 
remove another solid angle a 6 fd; applying the » 
knife again in the direction of the line c d, and strik- 
ing becalei very in the directions g, and h, we may 
remove two other solid angles. 

The new solid produced by these cleavages is re- 
presented by fig. 63. 
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Fig. 64. 


oe i . 

If we apply our knife again to the line zk, kl, dm, 
m i, fig. 64, and strike in the direction of m, we may 
remove the remaining solid angles of the cube, and 


we shall then obtain the regular octahedron 7 kimno. 


The position of this octahedron in the cube is 
shewn by fig. 65. 
_ This octahedron is the primary form of fluate of 
lime, and it may obviously be cleaved in a direction 
parallel to its own planes. 


| Fig. 66. 


‘To illustrate more perspicuously the relation we 
are about to trace between the octahedron and tetra- 
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hedron, it will be convenient to place the octahedron 
of fluor, which we have just obtained, in the position 
represented in fig. 66, resting on one of its planes. 


Fig. 67. 


Zk 


In this position of the crystal, if we suppose the . 
_ three lines a 6, ¢ d, e f, to be drawn through the 
centre, and parallel to the edges, of the now upper- 
most plane, and if we apply our knife to the line q b,. 
we may cleave the crystal parallel to the plane g, 
and may detach the portion a 4 gl, fig. 67. 3 


‘ t 
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By cleaving again from the lines ¢ d, and e f; paral- 
lel to the plane 4, and to the back plane of fig. 66, 
and by also cleaving parallel to the plane on which 
the figure rests, beginning at the line i k, we shall 
obtain a regular tetrahedron as seen in fig. 69. In’ 
fig. 68. this tetrahedron is exhibited in the position 
which it occupied in the octahedron. | 


é 
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The tetrahedron thus obtained, may be reduced 
again to ‘an octahedron, as shewn in fig. 69, by 
removing a smaller tetrahedron, as a 6 ¢ d, from each 
of its solid angles. 

And all the fragments separated from the octa- 
hedron by the cleavages just described, may also be 
reduced, by cleaving in the proper directions, to 
regular deratade Nas and tetrahedrons. | 

In this case éwo distinct solids are obtained et the 
cleavage of an octahedral crystal ; and the Abbé Haiy 
has chosen to assume the tetrahedron. as the molecule. of 
the octahedral crystal, upon the supposition that if the 
cleavage were continued until only single molecules 
remained to be separated, these molecules would be 
tetrahedrons ; and the octahedron is, according to his 
theory, conceived to be composed of tetrahedral solids 
united by their points, and octahedral spaces. * | 

From considerations analogous to these, the Abbé 
Haiiy has concluded that the tetrahedron, when it 
occurs as a primary form, ts constituted also of tetra- 
hedral molecules and octahedral spaces. 


‘ *'The same imaginary structure has also been supposed by the Abbé 
Haiiy to exist in every class of octahedrons, the molecules peculiar to 
each being distinct irregular tetrahedrons, varying in their angles and. 
relative dimensions i in. each particular case, 

But. it will be attempted t to. be shewn presently that this, imaginary, 
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represent the molecule of that forme! is 
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The regular dodecahedron may ‘be cleaved: into 
obtuse rhomboids, obtuse octahedrons, and irregular 
tetrahedrons, as will be shewn in the séction’on clea-’ 
vage. Of these the Abbé Haity has chosen the irregu- 
dar. tetrahedron for the molecule of the dodecahedron, 
and he has supposed that the decrements on this forin 
are produced by the abstraction, not of single molecules, 
but of masses of single molecules packed into the figure 
of those obtuse rhomboids which are produced from its 
cleavage.* | 

The very complicated system of molecules which 
the Abbé Hatiy has, by this view of the structure of 
the octahedron and dodecahedron, introduced into 
his otherwise beautiful theory of crystals, and the 
apparent improbability that the molecules of the 
cube, the regular octahedron, tetrahedron and dode- 
cahedron, among whose primary and secondary forms 
so perfect an identity subsists, should really differ from 
each other, have induced me to propose a new theory 
of molecules in reference to all the classes of octa= 
hedrons, to the tetrahedrons, and the rhombic dode- 
cahedron, which | shall now state. bey. inifonce ish D4 

Fluate of lime, as we have seen, has for its primary 
form a regular octahedron, under which it sometimes, 
occurs in nature; but it is generally found in the 
form of a cube, and sometimes as a rhombic dodeca- 
hedron, and it has @ cleavage in the direction of its 
primary planes. 

Galena, whose primary form is a cube, is-also found 
under the forms of an octahedron, and rhombic dode- 
cahedron, with a cleavage parallel to its cubic planes. 


* Under the head of cleavage I shall endeavour to explain the nature 
of the relation which the different solids obtained by cleavage from the 
tetrahedron, octahedron, and rhombic dodecahedron, respectively bear. 
to those primary forms, and to each other: and to shew thai they de not 
in either case represent the molecules of these forms. yay ine | 
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Grey copper, whose primary fii is a tetrahedron, 
occurs under the forms of the cube, octahedren, and 

rhombic dodecahedron. | 
 Blende is found sometimes, though rarely, ipten se 
lized in cubes, sometimes in octahedrons, aE 
and rhombic dodecahedrons. 


Fig. 70. 
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If we attempt to fracture a cube of blende, we find 
it will split in directions parallel only to its diagonal 
planes. These cleavages will truncate the edges of 
the cube, and if continued until -all the edges are 
removed, and the face of the cube disappear, a rhom- © 
bic dodecahedron will be produced, which has been 
considered the primary crystal of blende. — 

If a cube of blende, fig. 70, be cleaved in directions 
parallel to its diagonal iaidibed, beginning at the lines 
ab, cd, fig. 71 will be produced. 


If fig. 71 be further cleaved i in directions corres- 
ponding toabcde, so as to remove all the perpen- 
dicular edges, and to obliterate the remainder of the 
perpendicular planes of the cube, fig. 72 will remain, 
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Fig. 73 exhibits the dodecahedron contained in 
fig. 72; this may be obtained by cleavages in direc- 
tions corresponding with the lines ad/, fig. 72, which 
will remove the solid angles of the base on which fig. 
72 and 73 rest. 


Fig. 74. 


Fig. 74 shews the position of the rhombic dodeca- 
hedron in the cube. . 

Having thus observed that the cube, the regular 
tetrahedron and octahedron, and the rhombic dodeca- 
hedron are common as primary or secondary forms to 
different crystallized substances, we may reasonably 
infer that they are produced in each instance by mole- 
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cules of a form which is common to all; and let us 


suppose this common molecule to be a cube. 


Fig. 75, 76, 77, and 78, shew the arrangement of 
the cubic molecules in each of these forms. 


Fig, 75 in the eube. 


Fig. 76 in the tetrahedron. 


Fig. 77 in the octahedron. 
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F ig. 78 in the rhombic dodecahedron. 


These arrangements of cubic molecules cannot be 
objected to on account of any supposed imperfection 
_of surface which would be occasioned by the faces of 
all the primary forms, except the cube, being con- 
, Stituted of the edges, or solid angles, of the molecules. 
For as we observe that the octahedral and dodeca- 
hedral planes of some of the secondary crystals of 
galena, which are obviously composed of the solid 
angles, or edges, of the cubic molecules, are capable 
of reflecting objects with great distinctness, it is 
evident that the size of the molecules of galena is 
less than the smallest perceptible inequality of the 
splendent. surface of those. planes, and hence we in- 
fer generally that there will be no observable difference 
in brilliancy between the. surfaces of the planes obtained 
by cleavage parallel to. the sides of molecules, and of 
those which would expose their edges or solid angles. 

b. eae: theory may be reconciled with the cleavages 

which are found.to. take, place parallel to the primary 
planes of the tetrahedron, the-octahedron, and the rhom- 
bic dodecahedron, as well as to those of the cube, if we 
suppose the cubic molecules capable of being held to- 
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gether with aoa degrees of attractive force in dif- 


ferent directions. * 
I shall call this force molecular attraction. 


Fig. 79. 


When this attraction is /east between the planes of 
the molecules, they will be more easily separated by 
cleavage in the direction of their planes, than in any 
other direction, as shewnin fig. 79, and a Feat: solid 
will be obtained. 


When the attraction is least in the direction of the 
axis of the molecules, they will be the most easily se- 
parated in that direction, as in fig. 80, and the gcta- 
hedron or tetrahedron will be the result of cleavage. 


* It is possible to conceive that the nature, the number, and the par- 
ticular forms, of the elementary particles which enter, respectively, into 


the composition of these three species of cubic molecules, may vary so — | 


much as to produce the variety of character which I have supposed to 
‘exist. 
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_ And if the attraction be Jeast in the direction of its | 

diagonal planes, the edges will be most easily sepa- 

rated, as in fig. 81, and a rhombic dodecahedron will 
be the solid produced. by cleayage. i 


_ This supposition of greater or. less degree of mole- 
cular attraction in one direction of the molecule than 
in another, is consistent. with many, well known facts 


in Crystallography. . 


Fig. 82. 
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The primary form both of corundum, and0of car- 
bonate of lime, is a rhomboid; and the crystals of 
these substances may be cleaved parallel to their pri- 
mary planes, the carbonate of lime cleaving much 
more readily than the corundum. But the corundum 
may also be cleaved in a direction a 8, fig. 82, perpen- 
dicular to its axis, which carbonate of lime cannot be. 
_ This cleavage would either divide the rhombic mole- 
cules in half, or, the cleavage planes would expose the 
terminal solid angles of the contiguous molecules. 

G 
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But it is contrary to the nature of molecules that 
they should be thus divided, and we may therefore 
infer from this transverse cleavage that the molecular 
attraction is comparatively less in the direction of the 
perpendicular axis of the molecules of corundum, 
than it is in the same direction of those of carbonate 
of lime. And from the greater adhesion of the planes 
of corundum, than of those of carbonate of lime, we 
infer that the attraction is comparatively greater be- 
tween the planes of the molecules of the corundum, 
se between those of carbonate of lime.* © | 

This. supposition ‘of the existence of a greater or 
less degree of molecular attraction in one direction of 
the Wnleaite than in another, appears to explain - the 
nature of the two sets of cleavages which occur in 
Tungstat of lime: one of these sets is parallel to the 
planes of an acute octahedron with a square base, 
which we will call the primary crystal; the other set 
would produce tangent planes upon the terminal 
edges of that crystal. If we suppose the molecules to 
consist of square prisms whose molecular attraction is 
greatest in the direction of their prismatic axis, and 
nearly equal in the direction of their diagonal planes, 
and of their oblique axes, the first set of cleavages may 
be conceived to expose the edges of the molecules, and 
the second set to expose their solid angles. 


* Tam aware of an objection that may be made to this view of the 
subject, by supposing all. the cleavages which are not parallel to the 
ptimary planes of a crystal, to be parallel to some secondary plane, and 
to be occasioned by the slight degree of cohesion which frequently sub- 
sists between the ‘secondary planes of crystals and the plates of mole- 
cules which successively cover them during the increase of the crystal 
in size; but althcugh the.second set of cleavages may. sometimes be 
connected with the previous existence of a secondary plane, i it may piso 
be explained according to the theory I have assumed. 

Those. cleavage planes which would not expose ‘the planes, edges or 
solid angles of the molecules, must be considered to belong always to 
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‘This theory may, by analogy, be extended to the 
form of molecules of every class of octahedron. 
». For we may conceive the molecules of all the irre- 
gular octahedrons to be parallelopipeds, whose least 
moleculdr attraction isin 20 einai seh their <page 
planes: ‘" | ond : 

‘Thus the molecules bak ined with a squire, a. 
rectangular, and a rhombic base, would be square, 
rectangular, and rhombic prisms respectively ; the 
dimensions of such molecules being proportional re- 
spectively to the edges of the base and to the axis of 
each particular octahedron. 

According to the view here taken, the following 
table will exhibit the form of the molecules belong- 
ing to each of the classes of primary forms. 


Re eube GG pes fay MO als Reales 
regular Laban i ee eceseees nlfleatileraiube 
rhombic dodecahedron .... : , 
all quadrangular prisms...... molecules, similar prisms. 


Proportional 
in dimensions 


molecule, a square | 4, the edges 


octahedron with a square base 


aieener eee rectangular mel ec "a rectan- sap ene 
‘ae Bi ular r rism . ‘geowtieioeuaty 
nay Be siidoalar rhombic OF GER part 
ees es rhombic base CAM cular octohe- 
18) eoecceeecee dron, respec- 

tively. 

rhomboid ...... Brel atese Tighe ae molecule, a similar rhomboid 

: molecule, an equilateral triangular 
hexagonal prism .......-.-+: prism. 


Having thus advanced a new theory of molecules 
in opposition to one that had been long established, 
and possibly without a much better claim to general 


the class of planes of composition, a term which Mr. W. Phillips has ap- 
plied to those cleavage planes which result from cleavages parallel to 
secondary planes only. 


G2 
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reception than the former theory possessed, 1 cannot 
avoid observing that the whole theory of molecules and 
decrements, is to be regarded as little else than a series 
of symbolic characters, by whose assistance we, are 
enabled to investigate and to demonstrate with greater 
facility the relations between the primary and second- 
ary forms of crystals. ..And under this view of the 
subject, we ought to divest our notions of molecules, 
and decrements, of that absolute. reality, which the 
manner in which it is necessary to speak of them in 
order to render our illustrations ee seems 
generally,t to TAY) 


ents a ILI. 
STRUCTURE. 


Tue structure of crystals,.or the order in which 
_ their molecules are arranged, may be inferred from 
an experiment with common salt. If we dissolve a 
portion of this salt in water, and then suffer the water 
to evaporate slowly, crystals of salt. will be deposited 
on the sides.and bottom of the: vessel.:» These will at 
first be very minute, but they will increase in size as 
the evaporation proceeds; and ifthe quantity of salt 
dissolved be sufficient, they will at length attain a 
considerable bulk. If the forms of the small crystals 
be examined, they may be found to consist of en- 
tire, or modified cubes... If we continue to observe 
any of these cubic or modified crystals during their 
increase in bulk, we may find that the forms of some 
of them undergo: a change, by the addition of new 
planes, or the extinction of some that had previously 
existed. But we shall also frequently find that both 
the cube, and the modified crystal, when enlarged, 
preserve their respective forms. .The increase of a 
crystal in size appears therefore to be occasioned by the 
addition of molecules to some, or ail, of the planes of 
the smaller crystal, whether shia planes be aha or 
secondary. 7 
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If we apply the edge of a knife to the surface of 
any one of these cubic crystals of common salt, ina 
direction parallel to an edge of the cube, as at a 6, 
fig. 83, the crystal may, by a slight ai be: cleaved 
paraliel to one of its sides, | 

If we apply a knife in the same manner sikcneadtiiedy . 
i the other lines cd, ef, g h; and to the other sur- 
faces of the crystal, so ‘Rat its edge be parallel in 
each instance to the edge of the cube, we shall find 
that there are cleavages parallel to all the planes of 
the cube; and if the crystal be split with perfect 
accuracy, a cubic solid may be extracted; and the 
rectangular plates which have been removed by 
these cleavages, may be also subdivided into smaller 
cubes. — | : 

From these circumstances we infer that the mole- 
cules which have successively covered the planes of 
the small crystals, are cubes, and that they are so 
arranged as to constitute a series of plates, as shewn 
in p. 18. And we further conclude that the molecular 
attraction is /east, in common salt, between the sur- 
faces of the sibleduiles wi 

This regular structure is supposed to belong to all 
spulenhs crystallized bodies. 

It frequently happens that the regular. crystal- 
lization of bodies has been atsvented,; by some dis- 
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turbing cause, in which case the crystalline mass will 
be curved or otherwise irregular, or it may even 
present a granular character, This granular cha- 
racter would be presented if the solution we have 


supposed of common salt were rapidly evaporated 
and suddenly cooled. 


SECTION Iv. 
CLEAVAGE. 


The spliting a crystal in the manner already des- 
cribed, is, in the language of Mineralogy, termed 
cleaving it. 

The direction in which the crystal can be split is — 
called the direction of the cleavage, or the natural 
joint of the crystal. 

The direction of the natural joints may eee 
according to the preceding theory, upon the com- 
parative degrees of molecular attraction existing in 
the different directions of the molecules. This may 
be so proportioned in different directions, as to occa- 
~ sion other cleavages than those which are parallel to 
the planes which we may assume as the primary 
planes, as in the instances already cited of the corun- 
dum, and tungstat of lime. 

When this occurs the crystal is said to possess two: 
or more sets of cleavages. Those which are parallel 
to the planes of cha, primary form, are called the 
primary set, and those whieh are not parallel to those 
planes are aed supernumerary sets. 

The oxide of tin, described by Mr. Phillips i in the 
Geological Transactions, has three sets of cleavages ; 
one parallel to the planes of.an obtuse octahedron 
with a square base, which is considered the primary 
set, and two others which are supernumerary, and 


r , tf 
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are parallel to the edges, and to the diagonals, of 
the square base, being at the same time perpendicular 
to the plane of that base. 

If all the planes of any primary form be vinta as 
those are of the cube, rhomboid, and some other 
forms, the primary cleavages veil generally be ef- 
ected with equal, facility in the direction of each of 
those planes, and the new planes developed by this 
cleavage will be similar in lustre and general cha- 
racter... This may be illustrated by piel Gia dé galena 
and carbonate of lime. | 

Where the planes of a primary form. are not all 
similar, as in all prisms, and some octahedrons, the 
primary cleavage is not effected with equal facility in 
all directions, nor do the new. planes all agree in 
their general characters. Hence the pletigalld: planes 
of a mineral will frequently enable us to daleditine 
what is not its primary form, by their similarity or 
dissimilarity ; but, as will be seen in the section on 
primary forms, the cleavage is not sufficient to deter- 
mine what the primary form really is. 

EF elspar, cyanite, and sulphate of lime, afford in- 
stances of the greater facility with which a cleavage 
takes place in one or two directions than in any 
other. tec 2 

The Abbé Haiiy | hai supposed that these unequal 
cleavages are occasioned by the unequal extension of 
the different primary planes. The broader planes, 
presenting more points of contact than the narrower 
ones, may, he imagines, be held together with greater 
force than the narrower ones are. This may possibly 
‘be the cause of the ohserved inequality of cleavage, 
or possibly where the planes are unequal, the degree 
of attraction between Site and oe is) rontiighe 
also. + 

H 
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There are among minerals some substances which 
yield readily to mechanical division‘ in one or two 
directions, but do not admit of distinct cleavage in a 
third direction, so as to: produce a regular solid. 

This circumstance has introduced into mineralogy 


the terms single cleavage, or double, triple, fourfold, 


&c. cleavage, which are sometimes perplexing to a 
learner, as they may be confounded with the different 
sets of cleavages before spoken of. 

But these terms single, double, triple cleavage, &c. 
are intended to refer strictly to the sets of lpn 
cleavage only. | 

When a mineral can be split in only one direction, 
the cleavage is said to be single; when in two direc- 
tions, which may be conceived to give four sides ofa a 
prism, it has a double cleavage. | 

When there is a dewage’ in three directions, such 
as to produce either the lateral planes of the hex- | 
agonal prism, or a solid bounded by six planes which 
are parallel when taken two and two, it is pa a 
triple cleavage. | 

A four-fold cleavage, or one in four directions, will 


- produce a tetrahedron, an octahedron, or a perfect 


hexagonal prism ; the two latter solids consisting: of 
four pairs of parallel planes, shlaNe in as many dif- 
ferent directions. 

The rhombic dodecahedron possesses six pairs of. 
parallel planes lying in different directions, and may 
be said therefore to have a sixfold cleavage. 

Sometimes the natural joints of a crystal may be © 
perceived by turning it round in a strong light, al- 
though it cannot be cleaved in the direction of those: 
joints. 

Different specimens of the same vit ietowvel will also © 
yield to the knife or hammer with unequal degrees of 
facility; and even carbonate of lime, which splits © 
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readily in general, will sometimes present a con- 
choidal fracture.* 

Asa crystalline solid cannot be contdined within planes 
lying in less than three directions, it is obvious that it 
cannot be preduced by a single or double cleavage. 

The solids obtained by cleavage may therefore, 
according to what has preceded, consist either of 
primary pas produced by triple, fourfold, or sixfold 
primary cleavages, or of other forms resulting from 
the supernumerary cleavages, either alone or com- 
bined with the primary. z 

But another class of solids may also result. from 
cleavage when that. takes place parallel to some only 
of the primary planes of those forms which possess 


| fourfold or sixfold cleavages. 


From a primary triple iherwitle it is ape that. only 
a single solid can be produced, ,that solid being a 
parallelopiped. But from either a fourfold or sixfold 
primary cleavage, more than one solid may result, 
according as the cleavage takes place parallel to all, 
or only to some, of the primary planes. 


* Some practice is necessary in order to cleave minerals neatly, and 
some experience in the choice of the instruments to be Lani for this 
purpose. 

_ In many instances, the mineral being placed on a small anvil of iron 
or lead, a blow with a hammer will be sufficient for dividing it in the 
‘direction of its natural joints ; and sometimes a knife or small chissel 
may be applied in the direction of those joints, and pressed with the 
hand, or struck with a hammer; or the crystal may be held in the 
hand and split with a small knife; or it may be split by means of a pair 
of small cutting pincers whose edges are parallel. 
tC. small short chissel, fixed with its edge. outward ina blooks of woud, 
is a convenient instrument for resting a mineral upon which we are 


. desirous of cleaving. © 


c'¢ 


HQ 


an 


_ plane. 


% 
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If we cleave an octahedron parallel to six only of 
its planes, omitting any two opposite ones, as 6 and ¢, 
fig. 84, and if we continue the cleavage until only 


the central points of the planes 6 and e remain, a. 


figure of six sides will evidently be produced. 
This figure is a rhomboid whose plane angles are 
60° and 120°. u ake ake AO 


Fig. 85 shews the position of this rhomboid in the 
octahedron, from which it is evident that the cleavage 
would be continued as far as the lines? k, J m, no, 
and those which are parallel to them on the opposite 
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Fig. 86. 


Fig. 86 exhibits the same rhomboid ey: the 
planes being marked with the same letters as are 
placed on such. planes of the octahedron as are pa: 


rallel to those of the included rhomboid, 
ae 


Our rhomboid may thus eo sas aslo as an imperfect 
octahedron, two of its planes being: concealed, or covered 
by small tetrahedrons pr sy and ¢ u x, as in figure 
86. These tetrahedrons consist of masses of ine 
molecules, and by their removal, as in fig. 87, we 
shall absgensty reproduce the perfect octahedron. 


‘é i 4d exOhol yy Fig. 88. a 


ss 


%, 


“If we now éleave the dovaleanbi parallel to any 
four alternate planes, as c d, e f, fig. 84, and continue 
the cleavage as far as the ee ik, im, no, fig. 88, 
and until only the central points or the four planes 
a, b, g, h, remain, we shall produce a regular tetra- 
hedron, as shewn by pa interior lines in the figure. | 


ye 
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Fig. 89. 


Fig. 89 exhibits this tetrahedron separately, its 
planes being marked with the same letters as appear 
on‘the planes of the octahedron, fig. 84, which are 
parallel to those of the included tetrahedron. a 


x» * 


- The tetrahedron thus obtained may be regarded as 
an imperfect octahedron, four of its planes being con- 
cealed, or covered by smaller tetrahedrons, ae 
pqut uqrr, G@try; as in fig. 90, and it is 
capable of being reduced again to the perfect octa- 
hedron by the removal of those masses of cubic 
molecules which constitute the tetrahedrons by which ; 
the concealed planes are covered. “i 

‘The tetrahedron and octahedron have thus ob- 
viously the same set of cleavages, and if the tetra- 
hedron be the primary form, the octahedron may be 
regarded as an imperfect tetrahedron, requiring cer- | 
tain additions to complete that form.* — . 


mt, The student is advised to trace the relation of the octahedron to 
the acute rhomboid and tetrahedron, by means of an octahedron of 
fluor produced by cleavage or otherwise. Let him place this on a 
table, and by the assistance of a small hammer and a knife, he may 
procure from it, by well observing the figures as he proceeds, the — 
acute rhomboid, and tetrahedron, and from them he may re-produce 
the octahedron. | : 
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Fig. 91. 


If the rhombic dodecahedron, fig. 91, be cleaved 
parallel to the planes, a, }, c, d, and to the four 
planes opposite to these, until the four remaining 
planes of the dodecahedron disappear, an ede octa- 
hedron will be produced. ) \ 


Fig. 92. 


Fig. 92 exhibits this octahedron, separately, the 
planes being marked by the same letters as appear 
on the NP OnSEPANCN ai il * the. dodecahedron. 


| Fig. 93._ 


If the cleavage be effected-parallel only to the 
planes a, d, e, and h, 6, k, until the other primary 
planes disappear, an obtuse rhomboid will result, as 
seen in fig. 93; this rhomboid measures 120° over 
the edges at which the planes a, and e, meet. 
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“If the cleavage take Mice parallel only to the 
planes c d. and i k, and be continued until only the 
four cleavage Aiee remain, an irregular tetrahedr on, 
fig. 94, wit be produced, whose planes meet at an 

angle i 90° at the edges n O, P q, and at. an angle 
of 60° at the other ete ‘a Spe 

Thus an obtuse octahedron, d on m, fig. 99, mea- ) 
suring 60°, an obtuse rhomboid of 120°, and an 
stpabentay tetrahedron, obtained by partial cleavages 
from the rhombic dodecahedron, may be regarded as 
imperfect dodecahedrons, to which figure Hey may be 
reduced, by detaching from each solid the portions of 
cubic molecules which Wel Rhea cover the obscured. 
dodecahedral planes. 

- But it is very obvious that these imperfect forms 
may be obtained as well by cleaving at once through 
ihe interior of the crystal, in directions parallel to 8 to 
6 or to 4 only of the primary planes, as by beginning 
to cleave from the outside, and arriving by degrees at 
the new figure in the manner already described. 

Hence it appears that a dissection of the octahedral 
and dodecahedral crystals by cleavages, parallel to some 
only, of the primary planes, will yield only the imper- 
fect solids above described, not any of which will 
represent the molecules Ds which He ore are com- 
bilgi i 


! 


*. Blende ‘will afford the student an ete of pr edicingy ait 
cine the solids represented by fig. 91 to 94. fie % 


CLEAVAGE. 65 


The relation of the tetrahedron to the octahedron 
in reference to the theory of cubic molecules, may be 
explained in the following manner. _ 

The Abbé Haiiy’s theory, it will be recollected, 
supposes that if the tetrahedron obtained by cleavage 
from the octahedron, were to be successively reduced 
to an octahedron and four still smaller tetrahedrons, 
we should at length arrive at a tetrahedron consisting 
of four single tetrahedral molecules enclosing only an 
octahedral space, instead of an octahedral solid. 

But according to the structure assigned to the 
octahedron by the theory of cubic molecules, that 
figure is an entire solid; and the smallest _tetra- 
hedron that can be imagined to exist, will contain 
an octahedral solid, and would be reduced to an. 
octahedron by the removal of four cubic molecules — 
from its four solid angles, and not of four tetrahedrons. 


Fig. 95. 


Let fig. 96 be supposed to represent the smallest 
octahedron that can be imagined to exist, formed of 
seven cubic molecules, and let fig. 95 represent a_ 

| , 3 : 
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tetrahedron containing this minute octahedron. The 
tetrahedron would obviously be reducible to the oc- 
tahedron, as other tetrahedrons are, by the removal 
of all its solid angles. 
- But it is apparent that the solid angles to be re- 
moved in this instance, are the small cubes a € 22, 
and by their removal the Urraiedras solid ily by in 
fig. 96 will remain. 

This octahedron is supposed to rest on one of its 
planes, and the molecules bc, ch, fc, cd, may be 
‘conceived to constitute four of its edges. : 
- Thus the necessity of adopting the tetrahedron as — 
‘the molecule of the octahedron is removed, and in. 
“consequence a more simple theory of the structure 
of the octahedron, may be substituted for that which 
has been established upon the ea of si ah! : 
molecules. 

By a similar mode of reasoning, the compatibility 
of the cubic molecule with the solids obtained by 
cleavage from the rhombic dodecahedron, might be— 
shewn; and by adopting the cubic molecule, a more 
simple theory of decrement, in relation to the rhom- 
bic dodecahedron, may be Sactitated for that which 
has been established upon the assumption of the 
irregular tetrahedron as the integrant molecule, and 
the obtuse rhomboid as the subtractive molecule. 


ee 


Section V. 
DECREMENTS. 


Decrements have been already defined to be either 
simple, mized, or intermediary ; and the simple decre- 
ments have been divided into two classes, according 
as they take place in breadth, or in’ ab gi see et. 
nitions, page 19. 

The manner in which all the lames of senve sate 
operate in the production of new planes, has also 
been explained. Ho 

Simple and mized he fal a take place either on 
the edges of crystals, or on the angles, and produce 
new planes which intersect one at least of the primary 
planes, in lines parallel to one of its edges or diagonals. 


r 


Fig. 97. 


_If either a simple or mixed decrement take place on 
the edge a 6, of any primary form whatever, a new» 
plane is produced, whose intersection c d, with the pri-— 
mary plane along which the decrement may be. conceived 
_to proceed, is parallel to the edge a b, ae which it 
may be said to begin or set out. 

Fig. 97 shews the character of the nopalia plane . 
Bealneee bya simple or mixed decrement on the edger: : 
of.a rectangular prism. WW. AOL? 

12 
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Fig. 98. 


-Fig. 98 shews the atienibed of a ‘similar plane 0 on 
the edge ofa tetrahedron. | 


Fig. 99. 


Bg 99 “te the tidak cba of a similar plane on 
the edge of an octahedron. muicuSaattetr 

‘If a‘ simple or mixed decrement take place on the 
oie of a tetrahedron or octahedron, one new edge 
cd’, of the secondary plane, will be always parallel 
to an edge a b, of the primary form, as" shewn i in 
figures 98 and 99, \ A eS 

If either a simple or mixed devratitant take place on 
the angle of any primary form, except the tetrahedron 
and octahedron, a new plane is produced* whose in- 
tersection with the primary plane, along which the 
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decrement may be conceived to proceed, is parallel 


to the diagonal of that plane. _, 


| ~~ 100. 


es 


Fig. 100 exhibits a plane produced on the angle of — 
a rectangular prism, by a simple or mixed decrement ; 
the edd cd, of the secondary plane, being parallel to 
the diagonal a 6, of the primary form. 


Intermediary decrements may be said to take place 
only on the solid angles of crystals, by the omission of 
unequal numbers of molecules in the direction of the 
edges which meet at.such solid angle... And a plane 
is thus produced, none of whose lines of intersection, 
ab, cb, ac, with the primary planes, are siti to 
any pie or diagonal of those planes. 

‘ Fig. 101 shews the position of a plane peothreeds by 
an intermediary decrement on the angle of a rectan- 
gular prism. | 
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Fig. 102. 


Fig. 102 contains a similar decrement on the angle 
of a tetrahedron. | 


Fig. 103. 


Fig. 103 shews the effect of a similar decrement on 
the angle ofan octahedron. 


In ‘ie sr cgdisatians hiiherie given gt shes satu of 


Sausonioans: and of the deities of the secondary, 


planes produced, by them, we have considered, the 
effect produced upon only a single edge or angle of. 


the primary form. But as decrements generally take 
place equally on all the similar edges and angles of 


any primary form, it will be necessary now to enquire. 
into the manner in which these similar edges and 
angles are affected, when they are all operated upon 
at Wie same time, by any given decrement. 

From the definition already given in page 3, of the 
nature of similar edges and angles, it will appear that 
in the rectangular prism, those edges only are similar 
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which are parallel to each other. And if we refer to 
the tables of modifications of that form, which will be 
found in a subsequent section, we shall observe it is 
‘only the parallel edges which are affected by the 
modifications 6, cand d. 


Let us now suppose a modification belonging to 
the class c to have taken place on a right rectangular 
prism, and let us suppose the secondary crystal pro- 
duced by this modification represented by fig. 104. 
The upper part of this figure shews the manner in 
which the new planes are conceived to be produced, 
by the continual abstraction of single rows of mole- 
cules on both the edges a b, and c, of each of the 
superimposed plates, until the last plate consists of 


only one row, forming the new eden of the secondary 
crystal. 


~The square prism has all its terminal edges similar, 
and all its terminal angles also similar, and con- 
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sequently when o one of those edges or angles is affected 
by any decrement, they will generally A be so. 


Fig. 105° echt modification c, of the square — 


prism, the upper part of the figure shewing the man- 
ner in which the secondary planes are conceived to 
be generated, by the continual abstraction of single 


rows of molecules from each edge of each of the suc- 


cessively superimposed plates. 


Fig. 106 exhibits the effect of a decrement by one 
row of molecules on the angle of a square prism, 


producing a secondary form belonging to the class a 


of the modifications that figure. See tables. 


Fig. 107. 


_The cube has its three pee: pe similar, and 
consequently they are all affected equally by. dgere- 


i 
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ments upon the edge of that form, except in some 
particular cases which will be referred to ina future 
section. fe Te bof if 

Fig. 107 shews the effect of a decrement by one 
row of molecules on the edges of a cube: producing 
the planes of the rhombic dodecahedron. 


Fig. 108 shews the manner in which an inter- 
mediary decrement, taking place at the same time 
upon the three adjacent angles of the cube, is con- 
ecived to produce six planes on the solid angle. 


The causes which occasion decrements do not ap- 
pear at present to be understood: crystals so minute 
as to be seen only by the aid of a microscope, are 
found variously modified; hence the circumstance, 
whatever it may be, which occasions the modifica- 
tion, begins to operate very soon after the crystal has 
been formed. 

Perhaps it may influence the arrangement of the 
first few molecules which combine to produce the 
crystal in its nascent state ; and as we find that crys- 
tals during their increase in magnitude, sometimes 
undergo a change of form, by the extinction of some 
modifying planes, or the production of others, it is 
evident that the cause which occasions a decrement, 
may be suspended, or may be first brought into ope- 
ration, at any period during the increase of a crystal 
AYRE OER) AUT ATP Ey a ae 
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For the purpose, however, of affording a’ clearer 
illustration of the theory of decrements, it has been © 
found convenient to imagine that the primary form 
of any modified crystal had attained such a magni- 
tude, before the law of decrement had begun to act 
upon it, as to require for the completion of the mo- 
dified eal, the addition of only those defective 
plates of molecules by which the modifying planes : 
were produced. <A primary form of this magnitude, 
is evidently the greatest that could be inscribed in 
the given secondary form. And a primary form so 
related to the secondary, is in theory termed the nz- 
cleus of the secondary form. 

This nucleus may frequently be Bammatee 4 from the 
secondary crystals by cleavage. 

If we take a crystal of carbonate of lime of the 
variety called dog-tooth spar (the metastatique of | 
the Abbé Haiiy,) ‘and begin to cleave it at its sum-— 
mit, we shall first remove those molecules which 
were last added in the production: of the crystal ; and 
by continuing to detach successive portions, thus pro- 
ceeding in an order the inverse of that by which the» 
modified crystal has been formed, we may remove 
the whole of the lamine, which. enclose or cover the 
theoretical primary nucleus. 


ad far as we have pineeddla with the theory of 
decrements, we have supposed the diminished plates 
of molecules to be laid constantly upon the primary 
form, in order to produce the modifications which 
are found to exist in nature, But from a comparison 
of the angles at which some secondary planes incline 
on the primary, and on each other, it is probable 
that the decrements sometimes take place on second- 
ary crystals. Thus, for example, we may conceive 
decrements to take Eye on any secondary rhomboid 
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of carbonate of lime by the abstraction of secondary 
molecules similar in form to that secondary rhomboid. 
- These secondary molecules would consist of certain 
numbers of primary ones arranged in the same order 
as they would be in the production of the entire 
secondary crystals, and they would in fact be minute 
secondary crystals. iyi thi 
There is an interesting paper on this subject by 
the Abbé Haiiy, in the 14th vol. of the Annales du 
Museum, p. 290, where, in order to express the laws 
of decrement in as low numbers as possible, he has 
in several instances conceived the decrements to take 
place on secondary forms. 


Another circumstance apparently influenced by a 
cause in some degree similar to that which produces 
decrements, is the colour which occasionally covers 
some of the modifying planes of a crystal while the 
other planes remain uncoloured. | | are 
~ A specimen of carbonate of lime, from St. Vincent’s 
rocks near Bristol, which now lies before me, affords 
an instance of this. 


In this specimen the planes a, b, of some of the 
crystals and those planes only, are covered with par- 
ticles of, I believe, oxide of iron, upon which no 
_ molecules of carbonate of lime appear to have been 

subsequently deposited; but a thin plate of that sub- 
stance is observed on some crystals as at c, to cover 
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part of the coloured plane, having apparently begun 
to form at the edge d, and to have proceeded from 
that edge over part of the coloured plane a, but 
scarcely touching the colouring matter. 


Mr. Beudant has collected together many facts 
relative to the influence which particular cireum- 
‘stances are supposed to exert upon the formation of 
crystals in the laboratory; but these facts are insuf- 
ficient to explain the causes which determine the 
particular crystalline form of a mineral, or to account 
for its modifications. His memoirs, however, are 
interesting, and may be found in the Annals of Phi- 
losophy, vol. x1. eh 262 ; ends in the Royal Institution 
Journal. 


Decrements appear to be sometimes influenced, as 
will appear in the next section on the symmetry of 
crystals, by the capacity of a body to become electric 
by heat, but IT am not aware that any explanation | 
has been given of the manner in which this vinta danee 
is seria: 


~ Secrion VI. 


SYMMETRY. 


‘ AmonG the definitions will be found an explana- 
tion of what is meant by semalar edges, angles and 
planes of a-crystal. | 

It has been discovered, by the observation of a 
great number of secondary forms of crystals, that 
when a modification takes place on any one edge or 
angle of any primary form, a similar modification 
generally takes place on all the similar edges or 
angles. And this has been observed to occur so fre- 
quently, as to induce the conclusion of its being the 
effect of a general law, which the Abbé Haiiy has 
called the law of Symmetry. This law however does 
not act universally with regard to all such similar 
edges or angles as are included under the definitions 
already given. The tourmaline will present an in- 
stance of deviation from this law. The primary form 
of the tourmaline is a rhomboid, and the three edges 
terminating in a, fig. 36, are similar to the three ter- 
minating in 6; the six lateral edges, as well as the 
six lateral solid angles, are also respectively similar. 

Yet it is found that the three edges terminating in 
a, are sometimes truncated, while those terminating 
in 6, are not. It is also observed that sometimes only 
the alternate three of the lateral solid angles are mo- 
dified, the three others remaining entire; but the 
tourmaline is pyro-electric, that is, capable of becom- 
ing electric by heat, and many other substances which 
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are endued with a similar property, appear equally — 
subject to a similar interference with the general law 
of symmetry. 

But other substances which are not pyro-electric, 
as, for example, iron-pyrites, afford instances of de- 
viation from that kind of symmetrical modification 
by which the cube of galena is affected. Pyro-elec- 
tricity is not therefore the only disturbing cause which 
influences the deviation from the general law of sym- 
metry...» gel | | | 

With all the known exceptions however to this 
law, there are still so many substances influenced by 
it, that the character it confers on crystals is generally 
serviceable for determining the class of primary form 
to which any secondary crystal belongs. 


Section VII. 
PRIMARY FORMS. 


Tue derivative or parent form, from which the 
secondary forms of any crystallized mineral may be 
conceived to be derived by the operation of certain 
laws of decrement, has been denominated the primary 
Jorm of such iepnyall 3 

It may be added that the primary ebb of a mineral 
should not be inconsistent with its known cleavages, and 
it should generally be such also as would produce the 
secondary forms of the species to which it belongs by 
the fewest and simplest laws of decrement.* — 

It is for the sake of rendering our notions of a 
primary form more precise, that we give this liziting, 
and in some degree arbitrary, definition of the term. 
Our purpose throughout this treatise is, to find the 
shortest and most direct road from the secondary 
crystal to the mineral species to which it belongs. 

But as we must travel first from the secondary to 
the primary form, it is essential that our ideas of that 
figure which we agree to call the primary form, should 
be as Precise a as possible. _ 


The primary forms of crystals may sometimes, be 
developed by cleavage. 


*. The term frimary,.so defined, is merely relative, being used in con- 
tradistinction to secondary. It appears therefore preferable to the term 
primitive, which has been generally used to designate this original or 
parent form, and which seems to imply something more intrinsic, and 
absolute, than is required by the science into which it is introduced. 
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Thus a hexagonal prism of carbonate of lime, which 
is one of the secondary forms of that mineral, may 
be cleaved in a direction parallel to the planes of a 
rhomboid, which is its primary form. 


- Fig. 110. 


oh 


When the prism results from a decrement on the 
inferior angle of the rhomboid, as shewn in the table 
of modifications of the rhomboid class e, this cleavage 
will take place parallel to the three alternate terminal 
edges of the prism, as shewn in fig. 110. 


But when the prism results from a modification 
on the inferior edges of the rhomboid, corresponding 
with modification class x, the cleavage will take place 
on the alternate solid angles of the prism as in fig. 111. 

A similar prism of phosphate of lime, which is the 
primary form of that substance, cannot be cleaved in 
any other direction than parallel to its own planes. 


But cleavage alone cannot be relied on for deter- 
mining the primary form of a mineral. For if, as it 


PRIMARY FORMS. Si 


frequently happens, two or more solids can’ be ex- 


tracted from a crystallized mineral by cleavage, we 
must refer to its secondary forms, in order to deter- 
mine which of those solids ought to be adopted as its 
primary form. And if the secondary forms can be — 
derived ‘from one of such solids by the operation of 
single decrements, while it would require two or more 
debreémenta’ to operate simultaneously on the other, 


in order to produce the same secondary forms, that 


solid will be adopted as the primary, from which the 
secondary forms belonging to the species might be 
derived by the single decrement. 

A case enw avert may occur in which two différent 
solids may be produced by cleavage, from either of 


_ which, the secondary forms of the particular species 


of mineral in which it occurs, may be derived by laws 
of decrement equally simple. Whenever. this hap- | 
pens we shall be at liberty to adopt either as, the 
primary, and we should probably adopt that which 
predominates most among the secondary forms. 


‘In the section on cleavage we. have seen that the 
same se¢ of cleavages will produce either a regular 
tetrahedron, or a regular. octahedron, or a particular 
rhomboid, one only of which is to be regarded as the 


- primary form of the species in’ which ‘ich crea anes 


occur. 
In this case the secondary forms of the mineral we 
are supposed to be examining, can alone enable us 
to determine which to adopt. 
The secondary forms of a rhomboid differ so much 


from those of the octahedron and tetrahedron, as to 


admit no doubt in the instance of fluor, that the pri- 
mary form of this substance is not a rhomboid. 
According to the law of symmetry, the modifications 
ofa regular octahedron should equally affect. all its 
L 


82 | PRIMARY FORMS. 


edges or angles, and tend. equally to the extinction of 
all its planes, while the modifications of the tetra- 
hedron, regulated by the same law, would affect only 
some of the edges or angles of a — containing all 
the octahedral planes. . 
. It may be observed by examining se ‘crystals. at 
spinelle and red oxide of copper, that the solid angles 
are sometimes replaced by four planes resting on the 
primary planes. 

This change of figure results es a single ad ifica- 
tion of the alaieion belonging to class b. See tables, - 

But in order to produce four similar planes on each 
of the solid angles of the octahedron, regarded as a 
secondary form.of the tetrahedron, two modifications of 
the tetrahedron must concur. We must suppose cach 
of the solid angles of the tetrahedron to be replaced by - 
three planes resting on its edges, at the same. time that 
ats edges are bevilled. . 

The octahedron will therefore, under the barter 
I have given of a primary form, be adopted as the 
primary form of spinelle and red oxide of copper, and — 
of such other minerals as present secondary forms of 
a similar character. 

I shall cite only one other instance of the insuffi- 
ciency of cleavage alone to determine the primary _ 
form of a mineral, although many more might be 
adduced. | | | 


The petalite has two sets of bidines, one in the 
direction of a 6, cd, fig. 112, at right angles to each 


| 
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other, and another ef, g #, such that the angle eo g, 


measures about 100° and the angle ¢ o f, about 80°. 


Now these cleavages are respectively parallel to 
the sides of either a rectangular, or a rhombic prism, 
and either of these may therefore be the primary form 
of petalite. But there is no cleavage which indicates 
with certainty whether the prism, whichever of the 
two we may adopt, be right or oblique. 

We cannot therefore determine the primary form 
of petalite, without a reference to erystals possessing 
their natural terminal planes, or such modifications 
of those planes as will shew ile aA the primary 
crystal be right or oblique. | 

If we discover from the erystal of avait that the 


primary form is a right prism, we should still be at 


liberty to take either the oe rectangular « or right 


rhombic prism. 


But as the angles at whieh the planes of the rhom- 
bic prism dh chine to each other, are those by which 
the particular species of mineral would in this case 
be distinguished, we should at once adopt the rhom- 
bic prism as the ssbinne) form, 


It has iit, observed in the section on cleavage, 
that the character of the planes developed by cleavage 
sometimes afforded indications of the primary form. 

The stric on the natural surfaces of the secondary 
planes of crystals have been also considered to afford ' 
indications of primary form. As those which are 
parallel to the shorter diagonal of the dodecahedral 
planes of the aplome, have been regarded as indica- 
tions of the primary form being a cube, as it eens 
to a from its cleavage. 
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. But this circumstance, cannot be relied upon in all 
instances for determining the primary form of a mi- 
neral. Jor the cubic planes of iron pyrites, which 
are found by cleavage’ to be the primary planes, are 
striated in. such directions, as might lead us to sup- 
pose them secondary planes, and its primary form to 
be a pentagonal dodecahedron. And the cubic crys- 
tals of blende are frequently striated parallel. to the 
alternate diagonals, as shewn in fig. 113, which would 
indicate a tetrahedral primary form. But the cleavage 
is parallel, as: we have seen, to all the diagonal planes 
of the cube, producing a rhombic dodecahedron, and 
not parallel to the planes abi, as it should be if the - 
tetrahedron were the primary form and consequently 
were to be produced by cleavage. | 


Fig. 114. 


To illustrate the relation of these striz to the sup- 
posed tetrahedron, we shall derive that figure from a 
cube by cleavage, and'to do this we may again have 
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recourse to a cube of fluor. Let fig. 114 represent 
this cube. If we apply a knife to the diagonal a 6b, 
and detach. successively the two solid angles abc, 
abd, and then place the crystal with the edge a 8, 
downwards, and remove the solid angles c da, cd b, 


_ the figure we shall obtain will be the regular tetra- 


hedron. 


Each of the classes of primary forms contained in 
page 6 to 11, except the cube, the regular tetrahedron, 


octahedron, and rhombic dodecahedron, comprehends 


many individual forms belonging to as many species of 
minerals; which individual forms differ from each other 
in some of their angles, or in the relative eta tlt of 


“some oe nines wi et ae 


Suction VIII. 
SECONDARY FORMS. 


Tue secondary forms of crystals are either simple 
or compound. ‘The simple consist of modifications 
of the primary forms, produced by single decrements. 
The compound consist of several modifications occur- 
ing together on one crystal, produced by as many 
asain tits operating simultaneously upon it. The 
cube with the solid angles truncated or replaced by 
three or six planes, is an instance of a simple second- 
ary form produced by a single modification; but if 
the edges be also truncated. or bevilled, or the solid 
_angle be both truncated and replaced by three or six 
planes, it will afford an example of a compound 
secondary form. 

The secondary planes frequently « obliterate entirely 
the primary ones, and produce a new form appar ently 
belonging to another class of primary forms, as in 
the instance of the rhomboid being converted into a 
six-sided prism by the truncation of all its solid 
angles, or of its terminal solid angles and its lateral 
edges. | | 
‘Particular secondary forms sometimes predominate 
in particular species of minerals, as the cube in fluate 
of lime, whose primary form is an octahedron. Par- 
ticular modifications of primary forms are also found 
to aflect particular districts of country. 
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Thus the dodecahedral variety of carbonate of 
lime, commonly called dog-tooth spar, occurs the 
most frequently in Derbyshire. 

In Cumberland, the most common variety is a six- 
sided prism terminated by the planes of an obtuse 
secondary rhomboid. . 

In the Hartz, the entire six-sided prism. occurs 
more frequently han | in other places. 


Particular secondary forms are found to occur con- 
stantly among some species of minerals, and rarely 


among other species belonging to the same class of 
primary forms.. 

Thus the regular hexagonal py ramids, which occur 
constantly among the secondary forms of Apart, 
rarely occur in carbonate of lime. 

The causes of these peculiar habitudes of minerals 
have not I believe been investigated, nor do I appre- 
hend. that the investigation would lead to any satis- 
factory result. They appear to belong to that class 
of facts, which our limited knowledge of the opera- 
tions of nature does not enable us at present to com- 
| prehend. 


Stotion IX. 


HEMITROPE AND “INTERSECTED ‘ 
CRYSTALS. i 


_ Besipes_ the secondary forms referred to in the 
preceding section, there is another class of crystals 
which were denominated macles by Romé de I’Isle, 
but which the Abbé Hatiy has called hemitrope crys- 
tals, having assigned the term macle to a species of 
mineral more generally known by the name of chi- 
astolite. | ae Cepek ad 
The term hemitrope has been derived from the 

resemblance of this class of torms to crystals which 
-- might be conceived to have been slit in a particular 
direction, and then to have had one half partly 
turned round on an imaginary axis, passing through 
the centre of, and perpendicular to, the planes of 
section. . 3 | 

This kind of structure may be readily understood 
from one or two examples. | 


If we conceive an octahedronabcde f, fig. 115, — 
to be cut through inthe direction gh, 
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Fig. 116. 


and if we suppose the half 4 d f, partly turned 
round as in fig. 116, until 6 is opposite to c, and d- 
opposite to e, a hemitrope crystal would be produced, 
resembling one of the varieties of the common spi- 
nelle, 7 ; 


Fig. 117. 


cb 


Again, if we suppose a right prism, whose base ig 
an oblique angled parallelogram, fig. 117, to be cut 
through its centre and parallel to its lateral planes ; 


Fig. 118. 
ronigeagit 
and if we then conceive the portion marked a rs 
_ turned round until the edges b and c, again become 
parallel as in fig. 118, we shall have a form of hemi- 


trope crystal not of unfrequent occurrence in sulphate 
of lime. 


These examples are sufficient to illustrate the man- 
ner in which hemitrope crystals may be conceived to 
be produced. But we cannot for a moment imagine 


¥ 


M 
~ 
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that they are so produced. The arrangement of the 
molecules in so apparently capricious a manner, is 
doubtless the consequence of some law operating on 
the structure of the crystal from the commencement 
of its formation, and’ analogous to those laws by 
which other secondary forms are produced. 


-Hemitrope crystals consist of portions of either 
unmodified primary forms, or of secondary forms ; 
and the plane of the imaginary section is found to be 
parallel either to the primary planes, or to some 
secondary plane which would result from some regu-_ 
lar decrement. Lh ie : 


Oxide of tin, as shewn in Mr. Phillips’s paper on 
that substance in the 2nd vol. of the Geological 
Transactions, exhibits a considerable variety of this 
species of secondary form. It is very common also, 
in felspar, in rutile, and sphene, and it occurs in | 
many other substances. : oR. 


One character by which hemitrope crystals may 
generally be known, is the re-entering angle produced 
by the meeting of some of their planes. This is very 
obvious in the figures 114 and 116. But even where 
this re-entering angle does not appear, there is gene- 
rally some line, or some other character, which in- 
dicates the nature of the crystal. 


_ Crystals are frequently found intersecting each other 
with greater regularity than can be ascribed to acci- | 
dent, and forming a class very analagous to hemi- 
tropes, and probably governed in their structure by 
the same general Jaws to which those forms owe their 
existence. Wak : Mie 
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Fig. 119. 


a 


The staurotide affords a good example of this 


variety of form. 
The primary form of the staurotide is a right | 


rhombic prism, fig. 119. 


Fig. 120. 


_ Two of these pr isms frequently cross cine other at 
right angles as in fig. 120. 


Fig. 121. 


ae 


And sometimes at an oblique angle as in fig. 121. 


In other minerals it is sometimes observed that 

three, four, or more crystals, intersect each other in 

_ this manner, and produce figures apparently remote 
mM 2 
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in character from the primary forms to which they 
belong, and from which they could not be deduced 
by any ordinary law of decrement. This class of 
combined or intersecting crystals generally occurs in 
arragonite: such forms also frequently occur in car- 


bonate of lead, in sulphuret of copper, and in other 
species of minerals. 


) 


= 
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SECTION X.. 


EPIGENE AND PSEUDOMORPHOUS 
CRYSTALS. 


In addition to the variety of crystals already dés- 
eribed, there are others whose forms are not natural 


~ to the substances in which they occur. 


To one class of these the Abbé Haiiy has applied 
the name of Epigene, where a chemical alteration has 
taken place in the substance of the crystal subsequently 
to its formation. 

Thus crystals of blue carbonate, and of red oxide 
of copper, are frequently found converted into green 
carbonate. Sulphuret, and carbonate, of iron, are 
changed into oxides, without losing their peculiar 
crystalline forms; and the same alteration takes place 
m other substances. 


Another class of crystals, not belonging to the 


_ substances in which they occur, have been denomi- 


nated Pseudomorphous. ‘These have been formed 
either within cavities from which crystals of some other 
substance have been previously removed by some natu- 
ral cause, probably by solution, or upon crystals of 
some other substance which have subsequently dis- 
appeared; the space they occupied either remaining 
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a void, or having been afterwards filled with some 
other matter. 


Both these classes of crystals, particularly the first, 
may present some little difficulty to the young mine- 
ralogist, but this will be overcome by an improved 
acquaintance with the minerals in which they occur. 


ie Sretron XI. 
ON THE TABLES OF MODIFICATIONS. 


Tue preceding sections have explained the theory 
of crystals in reference to 


The forms of their molecules. : 

The manner in which those molecules are agyvre- 
gated in the production of crystals, and to 

The nature of decrements, or the manner in 
which the secondary forms of crystals may 
be conceived to be produced. — 


The most important practical purpose of this theory 
is, to enable the mineralogist to determine the species 
to which any crystallized mineral belongs, from an 
examination of any of its crystalline forms. 

Minerals which differ in species, may belong either 
to different classes, or to the same class, of the pri- 
mary forms. Jf several species belong to the same 
- class, they will be found, with the exception of such 
as crystallize in cubes, gules tetrahedrons, regular 
octahedrons, and rhombic dodecahedrons, to differ 
from each other, sometimes in the angles at which their 
primary planes incline to each other, and sometimes in 
_. the comparative lengths of some of their primary edges. 

Thus the general class of square prisms may con- 
sist of any number of par ticular prisms, belonging to 
as many different species of minerals ; and these indi- 
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vidual or particular prisms may be conceived to differ 
from each other in the relation of their respective 
heights to the length of the edge of their square base. 
The class of rectangular prisms may be supposed to 
contain many particular prisms, which vary from each 
other in the relative dimensions of their planes. 

_ The individuals of the class of rhombic prisms may 
vary from each other in their relative heights, and in 
the angle at which the lateral plané® incline to each 
other. Those of the class of rhomboids will differ in 
the angles at which their planes incline respectively 
to each other; constituting a series of particular 
rhomboids, of which the most acute, and the most 
obtuse, will be the two extremes; and similar dif- 
ferences may be imagined to exist among the indi- — 
viduals belonging to such of the other classes of pri- ~ 
mary forms as admit of analagous variations. 

But crystals rarely present themselves under their 
respective primary forms; they are usually modified 
by new planes, producing secondary crystals, from 
which the primary forms are to be inferred. 

And although, as we have already seen, we may, 
to a certain extent, be guided by cleavage in our 
attempts to dise@wAE the primary forms of minerals, — 
those forms cannot in general be determined Wi deri 
a reference to the eunn airy crystals. 

ence the relations between the various secondary _ 
forms of crystals, and their respective primary forms, 
constitute a highly important feature in the science Acs 
which we are treating’. ’ 

The secondary forms of eryseits have been ex- 
plained to consist of modifications of the primary, | 
occasioned by decrements on some of their edges or 
angles. 

The character of the modifying planes, and their — 
geometrical relations to the primary form, as con- 
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nected with the theory of decrements, will be ex- 
plained in the Appendix, together with a system of 
notation connected with the same theory, and capable 
of expressing the figure of any cpyilninapans form by 
means of certain symbols. 

But there are many who form collections of mi- 
nerals as an amusement, who are not’ in the habit 
of mathematical investigations, and who cannot avail 
themselves of the theory of decrements, for the pur- 
pose of tracing the relations between the secondary 
and primary forms of crystals; and I am not aware 
of the existence of any published work unconnected 
with that theory, which attempts to point out these 
relations so as to enable the mineralogist to trace 
in a secondary crystal the characters br) the dashes 
to which it belongs. * 

I have attempted to supply this desidesrdtush by the 
following tables of modifications of the primary forms, 
and by the explanations which follow them. And 
although these may not furnish the young enquirer . 
with all the assistance he desires, but may leave him 
still to encounter some difficulty in his pursuit, he 
will certainly derive advantages from the opportunity 
the tables will afford him, of comparing all the classes 
of simple secondary forms, belonging to the several 

* age 3 Paras 


* A systematic method of describing crystals was taught by Werner; 
but that method has been found inconvenient even for the purpose of 
description, and it supplies no rules for deducing the primary form of a 
erystal from any of its secondary forms. The system of Mohs has not 
-yet been sufficiently developed to the English readef, to enable him to 
judge fairly of its merits; but from what has been published here; it 
appears that the purpose I have attempted to effect, may also be 


effected by his system, although by a less direct course. 


~ The consideration of infinite lines which he has introduced into his 
system, and his notation founded on/this character, are parts of ‘his 
theory which’will probably render ‘its public reception less general than 
it might have been from its merits in other respects. 
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classes of primary ones, with each other, and with 
their respective primary forms; as he will thus obtain 
a general view of the entire series of simple secondary 
forms belonging to all the known classes of the pri- 
mary. | 
In these tables, not merely the observed modifications 
of crystals, but all the numerous modifications of which 
each class of primary form is susceptible, while in- 
fluenced by the law of symmetry, are reduced into 
classes, and arranged in an orderly series; and I have 
added some of the observed instances of departure 
from this law, in the production of peculiar and 
anomalous secondary forms. 8 

_ From a general view of the tables, it will be seen 
that the ra classes of modifications are those on the 
solid angles of the primary form; these being’ suc- 
ceeded by the modifications upon the edges, beginning 
in all cases with the simplest change of form. | 

It has been already stated, that each of the classes — 

_ of primary forms, may comprise many individual forms 
belonging to as many different species of minerals ; 
which individual forms, with the exception of stidh | 
as belong to the cube, the regular tetrahedron and — 
octahedron, and rhombic dodecahedron, will be found 
to differ from each other in the measurement of some 
of their angles, or in the ratios of some of their — 
edges. 

Each of the Laas of Wb ificalions, excepting those 
which produce tangent planes, and which consequently | 
admit of no variation, may also comprise a series of — 
individual modi ifications ; which individual modifications _ 
will be found to differ from each other, in the angles — 
_at which the modifying planes incline on the adjacent 

_primary planes. 

Thus the series of modifying planes which would | 

be comprehended under class 5, in the table of modi- _ 
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fications of the cube, may be conceived to be com= 
_ prised within two natural limits; the one being the 
_ primary plane of the cube, and the other the plane a. 
Yor it is obvious that the inclination of 6 on P may 
- approach nearly to 180°, but it can never reach that 
limit. And it may pass from such an obtuse angle, 
through an almost unlimited series of planes inclining 
less and less on P, until at length the inclination 
would be nearly the same as that of a on P; but it is 
apparent that it can never attain this ‘limit, there 
being only the one plane a, which can incline to the 
primary planes at that angle. ; OK 7 
The series of planes belonging to class ¢ of the 
cube, are limited within the planes a and e.. The 
angle at which the planes marked c incline to each 
other, may be conceived to increase, until it ap- 
_ proaches very near to 180°; the three planes would 
then very nearly become one, and similar to a, but 
they can never reach that limit. And they may also 
be conceived to incline more and more upon the edge, 
until at length they would very nearly coincide with 
the plane e, but they could never exactly coincide 
with that plane. | Ud : 
This may be readily comprehended if we refer to 
the tables, and remark that each of the series of new 
solids which would result from the series of planes 
belonging to class c, would be contained within 94 
planes, while only one single solid contained within 
8 planes could be produced from. class a, and only 
one other by class b, contained within 12 planes ; 
_ neither of which therefore could fall within the series 
resulting from class c. Pa 
+ The series of individual modifications. belonging 
_ to class d of the cube, may be conceived to lie within 
several limits, according to the direction in which the 
change of position of the modifying planes may be 
N2 | 
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supposed to take place.. The angle at which the two 
planes d, resting on P’, meet, may be supposed to 
increase until those planes would nearly approach to 
one plane, corresponding with class 6; or the angle 
at which the two planes d, which meet at the edge of 
the cube, incline to each other, may approach nearly 
to 180°, when those two planes would nearly become 
one analogous to class. c. Or if the two planes d, 
which meet at the edge of the cube, be conceived to 
incline more and more on that edge, they will at 
length approach nearly to the position of the planes 
' of class f, but they can never coincide with thaeq 
planes. 
_ These remarks on the nature of te diGprbwhas 
which may be conceived to exist among the individual 
modi ifications belonging to some of the classes con- 
tained in the following tables, might be easily ex-. 
tended to all. But it will not be difficult for the 
reader to apply them himself to all the other variable 
classes contained in the tables. The nature of the 
variation, however, in many of the classes, will be 
pointed out in the tables, | 
When the sets of new planes, resulting from the 
individual modifications belonging to any one of the 
classes, are so. much extended as entirely to efface 
the primary planes, a series of entirely new solids 
will result. The planes of these new solids will 
generally possess one common character throughout 
the series; that is, their planes will generally be alk — 
triangular, or all quadrilateral, or all pentagonal, or — 
be of some other polygonal form; but the planes bes 
longing to each individual of the series, will differ 
from those belonging to every other individual, in 
their angles, or the relative lengths of some of their ) 
edges. 
But although it is srugertiag true that the ciplanpe of P 
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the entire series of secondary forms, resulting from 
any given class of modifications, are similar through- 
out the series, it is not invariably so. Among the series 
of secondary forms resulting from particular classes 
of modifications of the rhomboid, there are some con- 
tained within scalene triangular planes, and others, 
belonging to the same class, contained within isos- 
celes triangular planes. These differences will gene- 
mm be pointed out in the tables. | 

_ The series of new solids, or complete simple second- 
ary forms, resulting from each of the classes of modi- 
fications, will be described in the tables under the 
appellation of new figures. 

Itis to be observed that very few of the a OR 
modifications belonging to the several classes, have 
yet been found: to exist among crystals. And it is 
doubtful. whether all the classes even have been 
hitherto noticed. 


The figures of the primary and secondary forms, 
given in the following tables, are not to be regarded 
as representations of crystalline forms of any par- 
ticular minerals, but as exhibiting.a type, or general 
character, of each of the classes a primary forms, and 
of the modifications belonging to each of those classes. 


_A position is chosen for the figure of each of the 
primary forms, which is supposed to be constant 
throughout the series of modifications belonging to 
each. The position of the greater number will be 
readily comprehended from "the figures themselves, 
but there are a few which require a Babee explanation. 
_ The figure of the right rectangular prism has its 

greater edge horizontal, and its largest plane is oat 
posed to be a terminal one.* 


* The horizontal lines here referred to, are those which are parallel 
to the upper or lower edges of the page. 
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The figure of the octahedron with a rectangular — 
base, has the greater edge of its base horizontal. 

The figures of the right rhombic prism, and of the | 
octahedron with a rhombic base, have their (Kien : 
diagonals horizontal. 

The figure of the right oblique-angled prism, has 
its greater diagonal horizontal, and the greater lateral 
plane of the prism standing oppestte the bie hand o 
the spectator. 

Thus where the eunrelie of the base of a primary 
form are right angles, “four of its terminal. edges, as 
seen in the figures, are horizontal. But where the 
angles of the base are not right angles, the figure is 
drawn with its greater diagonals horizontal, aid all ils 
terminal edges are oblique lines. 

1 conceive that an advantage will attend the placing ~ 
the figures of crystals of differant minerals, belonging 
to the same class of primary forms, always in the 
same position. The crystals of different substances | 
may be then more easily compared with each other, 
and their peculiar characters be more readily ob- 
served. Euclase, and sulphate of lime, are right 
oblique-angled prisms; but the figures of otclcak 
which accompany the Abbé Haiiy’s description | of that 
substance, are made to rest on one of the lateral 
planes of the primary form, as it is exhibited in p. 10, 
while his primary form of sulphate of lime is made to 
rest on its base as that figure does, Ey 


_ On each of the primary forms, it will be observed, 
that certain letters are placed, which are intended to | 
designate the angles, edges, and planes, of crystals, ; 
and to denote their similarity or dissimilarity. 

We are indebted to the Abbé Haiiy for the adaptae — 
tion of letters to these purposes; and in a future 
section the manner will be explained in which they 
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_aré applicable in describing the’ secondary forms of 
—erystals, 


Some, or all, of the vowels A EI O, are used to 
designate the solid angles; some of the consonants, 
BC DFGH, to designate the primary edges; and 
PM T to designate the primary planes of erystals. 

The same letter is repeated where the angles, edges, 
or planes are similar; and different letters are used 
where those angles, edges, or planes are dissimilar, 
according: to the definitions of similar angles, &c. given 
in p. 3. 3 oO } 

Thus the letter A is repeated on all the angles of 
the cube, these being all similar; while A and E are 
placed on the alternate angles of the right rhombic 
prism, to shew that there, the opposite angles only 
are similar. se Wea | | 
» So in the cube, the letter P is. repeated on all the 
planes because they are all similar. Wes 

In the right rhombic prism, the letter P stands only 
on the terminal plane, the lateral planes having the 
detter M placed-upon them. This implies that the 


dJateral planes are not similar to the terminal plane; 


but the letter M being repeated on both the lateral 
planes, denotes that these are similar to each other. 
In the right oblique-angled prism, the lateral planes 


‘are distinguished from éach other by the letters M, 


and T,, implying that they are dissimilar to each other, 


‘as both are to the terminal plane which is designated 


by P. 


_. The ‘ and ” added to some of these letters, serve 


merely to distinguish two or more similar planes from 
each other. 

Thus, by carefully observing the position of the 
edges of the base of any figure, as it is explained in 
p. 101 and 102, and the letters used to designate the 


V 
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planes, as explained above, we may immediately dis= | 


cover the class of primary form to which the figure 
belongs. Ba a 4: J 


The front planes exhibited in the drawing of any 


- erystal are generally one half the number belonging to 
it: hence it is obvious that if these be described, the 


parallel planes of crystals being always similar to — 


each other, the planes which are parallel to those 
hewn in the drawing, may be conceived to be des- 
cribed also. | 


It may be remarked that the modifying planes of — 
the series of forms contained in the tables, are pro- — 
duced by cutting off portions of the figute of the — 


m. 


primary crystal and thus reducing its bulk. It is 


almost unnecessary, after what has been already said — 


on the formation of crystals, to observe, that nature 


proceeds by building up the secondary forms instead — 
of thus truncating the primary. And we may, if we — 


_ please, imagine, that the secondary figures given in 


these tables, have been produced by~ additions to | 


primary crystals of smaller relative dinvensions than 
those placed at the head of the several tables. — 


4 The inclination of any two planes to each other, as _ 
aand P, modification a of the cube, or the angle at — 


which they meet, is commonly expressed in this man-— 


ner, aon P so many degrees and minutes. 
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THE CUBE, AND 
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Primary form. 


A ieatione: 
Class a. 


Class 3. 


_ ITS MODIFICATIONS. 


Primary form. The cube. ” 


Modifications. . 


Class a. Solid angles replaced by tangent planes. 

The modifying fica are equilateral triangles. - 

When the modifying planes are so Petanded as to 
efface the primary planes, a regular octahedron will 
be produced. 

Plane a on P, P’ or P”, 120° 15! 52". 


Class 6. Solid angles replaced by three’ planes 
resting on the primary planes. 


_ Each of the series of new fioutes produced by this 
class, would be contained Pai 24 equal trapezoidal 
planes. But the trapezoidal planes belonging to each 
figure of the series would differ in their angles from 
those belonging to every other figure of thesame 
series. 


Obs. A trapezoid is a four-sided figure whose 
opposite edges are unequal, and in which, if lines be 
drawn ee the angles a, and b, c, and d, they 

oz 
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Class Ce 


Class... ' 
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will intersect each other at right angles, as in the 
following figure. 


Fig. 133. 


d 


Class c. Solid angles ‘meplaced by three planes 
resting on the edges of the cube. 

The series of new figures resulting from this class, 
would be contained within #4 isosceles triangular 
planes, | 


Class d. Solid angles replaced by six planes. 
The new figures ‘would be” contained within be 
triangular planes, 


Class e. Edges replaced by éangent planes. 5 
The new figure would be the rhombic dodecahedron. 
Plane e on P or P’, 135°. 


Class f. Edges replaced by two planes. | 

This class sould produce a series of foi sided 
pyramids on the planes of the cube. The planes of 
the rhombic dodecahedron, and those of the cube, 
will evidently be the limits of this series. 
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Class 
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Class 7. 


Class k. 
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The following modifications do not accord with the 
law of symmetry as defined in p. 77. 


Class g. Alternate solid angles replaced by tan- 
gent planes. 

A regular tetrahedron would result from this 
Pai ncation. : | ‘ 


Class h. Alternate solid angles replaced by three 
planes resting on the primary planes. 
_ The series of new figures resulting from this class, 
would be similar to those prodncéd: by class c of the 
tetrahedron. 


Class ¢. Solid angles replaced by three planes, 
each of which inclines unequally on the three adjacent 
primary planes. 

The unequal inclination of each of the modifying 
planes on the three adjacent primary planes, distin- 
 guishes this class from class 6, each plane of which 
inclines equally on two of she adjacent planes, and 
unequally on the third plane. 

The character of this class is similar to that of 
_ class d, if we suppose the alternate three only of the 
modifying planes to be produced on each solid angle. 


’ Class k. Edges replaced by single planes inclining — 
at unequal angles on the adjacent primary planes, 
and bearing the same MOY to class f, that class 7 
does to class d. 

A series of dodecahedrons with pentagonal planes’ 
would result from this class of modifications, but 


\ 
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Primary form. 


Modifications. 


Class a. 


Class b. 
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there is only one of the series known to exist among 
crystals. 

It appears that in all these irregular modifications, 
only one half the number of modifying planes is pro- 
duced, which would be required by the law of sym- 
metry. 
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Primary form. The regular tetrahedron. 
Plane P on P’, 70° 31’ 43”. 


Modifications. 

Class a. Solid angles replaced by tangent planes. 
When the modifying planes first touch each other on 
the edges of the tetrahedron, a regular octahedron is 
produced. | 

When the primary Histon are entirely effaced, the 
new figure is a tetrahedron similar to the primary. 
Plane aon P or P’, 109° 28’ 16”. 


Class 6. Solid angles replaced by three planes 
resting on the primary planes. 

The new figures. would be dodecahedrons, gene- 
rally with trapezoidal planes; but one individual 
modification belonging to this class produces the 


| rhombic dodecahedron. 


P 
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Class c. Solid angles replaced by three planes 
resting on the primary edges. 

The new figures would be dodecahedrons with 
triangular planes. 

The planes resulting from classes 6, and c, would - 
produce a great variety of dodecahedral solids; not 
any of which, except the rhombic dodecahedron, can — 
be derived from the octahedron according to the law 
of symmetry. 


Class d. Solid angles replaced by six planes. | 
The new figures would be contained within 24 
triangular planes. 


Class ¢. Edges replaced by tangent planes. 
Produces the cube. 
Plane e on P or P’, 120° 15’ 52”. 


Class f; Edges replaced by two planes, 
The new figures would be dodecahedrons with 
triangular planes, appearing as three-sided pyramids 
on the planes of the tetrahedron. 
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Primary form, 


Modifications. 
Class a. 


Class 0. 


Class c. 
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Primary form. The regular octahedron. 
Plane P on P’, or P”, 109° 28' 16”. 


Modifications. 

Class a. Solid angles replaced by tangent planes. 

The new figure resulting from this modification is 
the cube. 


Class 6. Solid angles replaced by four planes 
resting on the primary planes. 

The new figures would be contained within 24 
trapezoidal planes. 


"Class c. Solid angles replaced by four planes 
resting on the primary edges. ~ 
The new figures would be contained within 24 
isosceles triangular planes, 


118 THE REGULAR OCTAHEDRON, AND 


Class d. 


Class e. 


Class /- 
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Class d. Solid angles replaced by eight planes. 
The new’ figures would be eoniaunRe within 48 
triangular planes. 


Class e. Edges replaced by tangent planes. 
The new figure would be the rhombic dodecahedron. 
Plane e on P or P’, 144° 44' 8”. 


Class f. Edges replaced by two planes. 
- The new figures would present a trihedral pyramid 
on each primary plane. 


It has been already stated that the cleavages of the 
octahedron and the tetrahedron are perfectly similar, 
and that it is only by means of the secondary planes 
of each, that we can discriminate these primary forms 
from each other. : | 

The octahedron may be distinguished as a primary 
form from the tetrahedron, according to the rules 
laid down in a former section, by such of its single 
modifications as could be produced on the tetra- 

hedron only by the stmz/taneous operation of two or 
more separate modifications. ; 

But it is obvious that all the modifications of the 
octahedron, except mod. a and d, would require a 
double decrement for their production, supposing the 
tetrahedron were the primary fori. 
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THE RHOMBIC DODECAHEDRON, AND 


Primary form. | 


Modifications, 
Class a. - 
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This may be easily conceived, if we recollect that 
the octahedron itself is a figure resulting from the 
_ modification a of the tetrahedron; and that the edges 
of the modifying plane a, of the tetrahedron, are not 
affected by modification e, or f; which replace the 
primary edges of the tetrahedron; and that the pri- 
mary edges of the tetrahedron are not affected by the 
modifications 6, and c, which would replace the edges 
of the modifying plane a. Three classes of modifica- 
tion must therefore concur upon the tetrahedron, to 
produce most of the secondary forms of the octa- 
hedron. 


ITS MODIFICATIONS. 


Primary form. The rhombic dodecahedron. 
Plane P on_P’, 90°. — 
P on P”, 120°.. 


For the sake of avoiding a frequent repetition of 
the description of the two kinds of solid angles of this 
figure, those contained within four acute plane angles 
will be called the acute solid angles, and those con- 
tained within three: obtuse Higie angles, will be called 
the obtuse solid ausles, | 


Modifications. 
Class a. Acute solid angles replaced by tangent 
planes. 


The new figure would be the cube. 
Plane a on P, 135°. 
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Class d. 


3 Class c. 


Class d. 


.. Classe. 
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Class b. Acute solid angles replaced by four planes 
resting on the primary planes. 

The new figures would be contained within 24 
isosceles triangular planes. 


é 


Class c. Acute solid angles eae by four oat 
resting on the primary edges, 

The new figures would be contained within 24 
trapezoidal planes. 


Class d. ae solid angles ehh BY eight 
planes. 

The new Hee) would be ‘contained within 48 
triangular planes. 


Class e. Obtuse solid angles replaced by tangent 
planes. 

The new figure would be the regular octahedron. 

Plane ¢ on P 144° Ad’ 8”, 
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Class f. Obtuse solid angles replaced by three 
planes resting on the primary planes. 

The new figures would be contained within 24 
isosceles triangular planes. 


Class g. Obtuse solid angles replaced by three 
planes resting on the primary edges. 

The new figures would be contained within 24 
trapezoidal planes. 


Class h. Obtuse solid angles replaced by six 
planes. | 
The new figures would be contained within A8 
triangular Btaren: 


Class 7. Edges replaced by tangent planes. 
The new figures would be contained within 24 
_ trapezoidal planes. 
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Class k. 


THE OCTAHEDRON WITH A SQUARE _ 


Primary form. 


- Modifications. 
Class a. 
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Class k. Edges replaced by two planes. 

The new figures would be contained within 48 
triangular planes. , bi) 

It may be remarked that the secondary forms be- 
longing to the four preceding classes of primary 
forms, are nearly similar to each other. And, with 
the exception of the tetrahedron, each primary form 
is found to be also a secondary form to each of the 
other primary. . 7 

The table of secondary forms, which will be found 
at the end of the tables of modifications, exhibits the 
relation to each other of each of the preceding classes 
of secondary forms. | 
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Primary form. The octahedron with a square base. 
The individuals belonging to this class will differ 
from each other in the inclination or P on PY, and) ‘ 
consequently of P on P’, | 


7 


Modifications. 

Class a. Terminal solid angles replaced by tan- 
gent planes. rey 

As this modification contains only iwo parallel 
planes, those planes can never efface the primary - 
planes and produce a solid. The same observation 
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Class c. 


Class d. 
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will apply to all those classes which produce only two, 
or four, parallel planes upon the primary form. In 
these cases, as no entire secondary form can result 
from the secondary planes alone, no new figure is 
described. 
* 

Class b. Terminal solid angles replaced by four 
planes resting on the primary planes. 

The new figures would be more obtuse octa- 
hedrons. 


Class c. Terminal solid angles replaced by four 
planes resting on the primary edges, F 

Another series of octahedrons more obtuse than 
the primary would result from this class. a 


Class d. Terminal solid angles replaced by eight 
planes. 

The new figures would be double eight-sided pyra- 
mids united at a common base, and measuring un- 
_ equally over the two pyramidal edges of each of the 
_ planes. The surfaces of the new planes would - 
generally be scalene triangles. 
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Class e. 


Class f. 


Class 2. 
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Class e. Solid angles of the base replaced by tan- 
gent planes. 

This modification would produce only ier sides of 
a prism. 


Class f. Solid angles of the base replaced by two 
planes resting on the edges of the summits. 

This modification would produce a series of octa- 
hedrons more acute than the primary. 


Class g. Solid angles of the base replaced adhe two 
planes. resting on the edges of the base. 


r 2 
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Class 2. 


Class 7. 


Class k. 
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Class h.’ Solid angles of the base replaced by four 
planes resting on the primary planes, and having their 
edges parallel to the edges of the pyramids. 


Class 7. Solid angles of the base replaced by four 
planes inclining more on the terminal edges than 
modification h. 


Class k.’ Solid angles of the base replaced by four 
planes inclining more on the edges of the base than 
modification h, 

A series of double eight-sided pyramids might 
result from class fA, i, and #, analogous to those re- 
_ sulting from class d, but more acute. 
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| Class l. 


Class m. 
Class 2. 
% 
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Class /. Edges of Me pyramids replaced by tan- 
gent planes. 

The new figure ihe from this modification 
would be an octahedron with a square base, but more 
obtuse than the primary. 


Class m. Edges of the pyramids replaced by two 
planes. 

Class m would produce eight-sided pyramids simi- 
lar in character to those resulting from class d. | 


Class x. Edges of the base replaced by tangent 
planes. 


¥ 
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Class 0. Edges of the base replaced by two planes. 
The new figures would be octahedrons, more acute 
than the primary. 


The character, and number, of the modifications of 


this, and some other of the following classes of pri- 
mary forms, arise from the dissimilarity between the 
edges and angles of the summits, and those of the 
base, in the octahedrons; and between the angles of 
the terminal planes, or the terminal and the lateral 
edges of the prisms, and sometimes between the la- 

teral edges themselves. 
_ The primary crystals belonging to this class of 
primary forms, are distinguishable from regular octa- 
hedrons by the unequal inclinations of the plane P 
on P’, and P on P’”; and the secondary forms may be 
distinguished by the modifications taking place on 
some only of the edges_or angles, and not on all, as 
they do on the regular octahedron. If two of its 
edges measure over the summit more than 90°, the 
octahedron of this class is ‘called obtuse; if less than 
90°, it is called acute. In the regular octahedron the 
_ edges measure exactly 90° over the summit. 

The secondary octahedrons belonging to this class, 
have, like the primary, square bases. 
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Primary form : 


Modifications. 
- Class a. | 


Class bz 
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Primary form. An octahedron with a Se aes 
base. 

In this figure the broad planes P P’, meet at the 
edge of the base at a more obtuse angle than the nar- 
row ones M M’. The edge D may therefore be 
denominated the obtuse edge of the base, and the 
edge F the acute edge; or thev may be termed the 
greater and lesser edges of the base. 

The individuals belonging to this class of primary 
forms will differ from each other in the inclination 
of P on P’, or of M on M’. 


Modifications. 
Class a. Terminal solid angles replaced by single 


planes. 


» 


Class 6. Terminal solid angles replaced by. pre 
planes, resting on the broad planes. 


$2 
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Class c. 5 


Class d. 


Class e. 


‘ 
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Class c. Terminal solid angles replaced by two 
planes, resting on the narrow planes. 


Class d. Terminal solid angles replaced by four 
oblique planes. 

The new figures would be octahedrons with 
rhombic bases. 


Class e. Solid angles of the base replaced by 
single planes, whose edges are parallel to the edges 
of the pyramids. 


Class Solid angles of the base replaced by 
single planes, inclining on the greater edges of the 
base more than those of modification e. 
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oy) Class. g. 


Class h. 


Class i. 
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_ Class g. Solid angles of the base replaced by 
single planes inclining more on the lesser edges of 
_ the base than those of modification e. 

Classes e fand g, would give the lateral planes of 
_ aseries of right rhombic prisms. 


‘Class h. Solid angles of the base replaced by two. 
planes, one edge of each new plane being parallel 
to a pyramidal edge of the broad primary planes. 


Classi. Solid angles of the base replaced by two 
planes, one edge of each new plane being parallel to 
a pyramidal edge of the narrow primary planes. 


__Class k. Solid angles of the base replaced by two 
planes, neither of whose edges are parallel to any 
edge of the primary form. Sa 
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Class q.- 


Class m. 


Class n. Se 


| Class o. 
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Class 7. Edges of the pyramids replaced by single 


planes. 
A series of octahedrons with rhombic bases would 


result from Classes A, i, k, and J. 
} | | 


Class m. Greater edges of the base replaced. by 
single planes. 


Class x. Greater edges of the base replaced by 
two planes. 


Class 0. Lesser edges of the base replaced by 
single planes. 
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Class p.. 
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Primary form. | 


BASE, AND ITS MODIFICATIONS.: 147 


Class p. Lesser edges of the base sy by two 


planes. 


=> 


This species of octahedron has been adopted here 
as a primary form, in conformity with the opinions 
entertained by the Abbé Haiiy of its belonging to 


certain species of minerals. But it is probable that 


the right rhombic prism is really the primary form, 
of most, if not of all, those species, and that there is 


not any mineral ana crystals are strictly referahle 
to this class of octahedrons, 
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Primary form. An octahedron with a rhombic base. 
It has been already observed that this figure is » 
drawn with the greater diagonal of the base horizontal. 
Hence the primary planes meet at the edge B, at a 


more acute angle than at the edge C. The edge B_ 


will therefore be denominated an acute edge of the 


: pyramid, and the edge C, an obtuse edge of the pyra- 


mid. The solid angle at K will be termed the acute 


lateral solid angle, and that at I the obtuse lateral 


solid angle. 


The individuals belonging to this class will differ 
from each other in the inclinations of P on P’ and 


on P", 


ont t 2? 
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Modifications. 
Class a. 


Class 6. - 


Class c. 


’ Class d. 
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Modifications. \ ip 
Class a. ‘Terminal solid angles replaced by tangent 
planes. 


Class b6. Terminal solid angles replaced by two 
planes, resting on the obtuse edges of the pyramids. 


Class c. Terminal solid angles replaced by two 
planes, resting on the acute edges of the pyramids. | 


\ 


Class d. Terminal solid angles replaced by four 
planes, resting on the primary planes. 
The edges of the planes d, which intersect the 
primary planes, are parallel to the edges of the base. 


ween 
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Class e. Terminal solid angles replaced by four 
oblique planes, inclining on the obtuse edges of the 
pyramids. 


Class f. Terminal solid angles replaced by four 
oblique planes, inclining on the acute edges of the 

pyramids. 

Modifications é, and f, may be distinguished from 
modification d, by the edges of the modifying planes 
which intersect the primary planes, not being parallel 
to the edges of the base. 

Pins d, e, and f, would produce a series of octa- 
hedrons with rhombic bases, more obtuse than the 
primary. 

Class g. Obtuse lateral solid se replaced by 
tangent planes. 
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Class A. 


Class 7. 
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“Class %. Obtuse lateral solid angles replaced by 
two planes, resting on the edges of the pyramids. 


a 


Class i. Obtuse lateral solid angles replaced by 
two planes, resting on the edges of the base. 


Planes 7 might be the Rijeral planes of a right 
rhombic prism. 


Class k. Obtuse lateral solid angles setlee by 
four planes, resting on the primary planes. 

The edges produced by the intersection of the 
planes of this modification with the primary planes, 
_are parallel to the primary edges of the pyramids. 


ae 


154! THE OCTAHEDRON WITH A RHOMBIC 


~~ Class /. 


Class 7. 


“| BASE, AND ITS MODIFICATIONS. 155 


Class 7. Obtuse lateral solid angles replaced by 
four oblique planes, inclining on the obtuse edges of 
the pyramids. 


Class m. Obtuse lateral solid angles replaced by 
four oblique planes inclining on the edges of the 
base. 
_ The edges of planes /, and m, intersect the primary 
planes in lines which are not parallel to the primary 
edges of the pyramids. 

The new figures resulting from classes k, Zand m, 
would be octahedrons, more acute than the primary, - 
with rhombic bases. 


Class n. Acute lateral solid angles replaced by 
tangent planes. | 


156 THY OCTAHEDRON WITH A RHOMBIC 


Class 0. 


Class p. 


Class q. 


\ 


_ BASE, AND ITS MODIFICATIONS. ° 157 | 


Class o. Acute lateral solid angles replaced by 
two planes, resting on the edges of the pyramids. 

If we suppose the octahedron to be placed with its 
axis horizontally, the planes of classes b, c, h, or 9, 
might be the lateral planes of right rhombic prisms. 


Class p. Acute lateral solid angles replaced by 
_ two planes, resting on the edges of the base. © 

Planes p might be the lateral planes of a right 
rhombic prism. | 


Class g. Acute lateral solid angles replaced by 
four planes, resting on the primary planes, and inter- 
secting those planes in lines parallel to the edges of 
_ the pyramids. 


158 THE OCTAHEDRON WITH A RHOMBIC 


Class r. 


Class S. 


/ 
BASE, AND ITS MODIFICATIONS. © [49 


Class r. Acute lateral solid angles replaced by 
four oblique planes, inclining on the edges of the 
pyramids. | 


Class s. Acute lateral solid angles replaced by 
four oblique planes, inclining on the edges of the base, 
The planes r, and s, intersect the primary planes 
in lines which are not parallel to the edges of the 
pyramids. 
The new figures resulting from class q, r, and s, 
would be octahedrons, more acute than the primary, 
with rhombic bases. | 


Class t. Obiuse edges of the pyramids replaced 
by tangent planes. 
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Class «. Obtuse edges of the pyramid replaced by 
_two planes, 


Class v. Acute edges of the pyramid replaced by 
_ tangent planes. ‘ 


\ 


Class x. Acute edges of the pyramid replaced by 
two planes, | On 

The new figures produced by class w, and x, would 
be octahedrons, more obtuse than the primary, with 
rhombic bases. 


Class y. Edges of the base replaced, by#tangent 
planes. 
_ Planes y might be the lateral planes of a right 
rhombic prism, Ni ; 


162 THE OCTAHEDRON WITH A RHOMBIC 


\ Class. 


THE RIGHT SQUARE PRISM, AND 


Primary form. 


Modifications. 


BASE, AND ITS MODIFICATIONS. | 163) 


Class z. Edges of the base replaced by two planes. 
The new figures would be more acute octahedrons, 
with rhombic bases. 


_ The unequal angles at which the primary planes 
incline to each other at the edges B and C, sufficiently 
distinguish this class of octahedrons From the pre- 
ceding classes, 


ITS MODIFICATIONS. 


Primary form. A right square prism. 


The individuals of this class will differ from each 
other in the comparative length of the edges G and B. 


Modifications. 

Class a. Solid angles replaced by single Ne 
whose edges are Penesatte isosceles triangles. 

But they are not necessarily always so. 

For if the decrements in height be to those in 
breadth in exactly the same ratio that the terminal 
edge of the prism bears to its height, the truncating 
planes on the angles will be equilateral triangles, 
and those on the edges of the summit would, under 
similar circumstances, be tangent planes. 

Rie 


164: THE RIGHT SQUARE PRISM, AND~ 


Class: b. 


Class c.- : 


- ITS'MODIFICATIONS. 7 8 165: 


It is however extremely improbable that this pre- 
_ cise relation between the dimensions of the prism and 
the law of decrement should ever exist. The charac- 
ter of the modifying planes, as given above, may 
therefore be considered to exist in all the prisms 
belonging to this class. 

Modification @ would produce a series of four- 
sided pyramids on each summit, resting on the lateral 
edges of the prism. And if De modifying: planes 
were so enlarged as to efface the primary planes, a 
_ series of octahedrons with square bases would result. 

_ The planes produced by this modification incline 
equally on M and M’, but at a different angle from 
_ that at which they mating on P. This bhitieter of 
the plane a, will distinguish it from plane a of the 
cube; and its equal inclination on M and M’, will 
Beting ish it from plane a of the right rectangular 

prism. | | 


Class b. Solid angles replaced by two planes. 

The new figures produced by this class would be 
eight-sided pyramids, similar to those produced by 
da, h,i, k and m of the octahedron with a square base. 


‘ 


\ 
Class c. Edges of summit. replaced by single 
planes not forming equal angles generally with the 
adjacent terminal and lateral planes. _ 
Produces a series of four-sided pyramids resting 
on the lateral planes of the prism; and by an exten- 
sion of the modifying planes, a series of octahedrons 


with square bases would result. 


~ 


166: THE RIGHT SQUARE PRISM, AND 


Classe. 


THE RIGHT RECTANGULAR PRISM, AND — 


Primary form. 


ITS MODIFICATIONS. 167 


Class d. Edges of prism replaced by tangent planes. 

The equal inclination of the planes d, upon the 
adjacent primary lateral planes, distiilnwahad these 
secondary forms from those of the Hight rectangular 
prism. 


Class e. Edges of prism replaced by two planes. 
* The modifications of the terminal edges alone, or 
the lateral edges alone, will tend to distinguish the 
secondary crystals belonging to this class of prisms, 
_ from those derived from the cube. 
 Avclose resemblance may be remarked between the 
_ primary and secondary forms of this class of prisms, - 
_and those of the octahedron with a square base ; and 
itis only from the cleavage that we are enabled to 
decide which of these forms is to be regarded as the 
primary, in reference to such secondary forms as are 
common to both. oe 


‘ITS MODIFICATIONS. 


Primary form. A right rectangular prism. | 
_ The individuals belonging to this class will differ 
from each other in the comparative length of the 
_ three adjacent edges C, B, and G. 7 


468 THE RIGHT RECTANGULAR PRISM, AND 


_ Modifications. 
Class a. 


~~ Class 0. 


Class. c,: — 


ice 
rk 


Class d. 
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Modifications. __ 

Class a. Solid angles replaced by single scalene 
triangular planes, which incline on the three adjacent 
primary planes at unequal angles. 

The new figures which would be ultimately pro- 
duced by this elite of modifications, would be a series © 

of octahedrons with rhombic bases. 


Class 6. Greater terminal edges peblace by single 
planes. | 


Class c. Lesser terminal daha replaced by single 
planes. 

The new gears which would be produced by a 
combination of modifications b and c, would be.a 
_ series of octahedrons with rectangular bases. 


Class d. Lateral edges of the prism replaced by 
‘single planes. 

A series of right rhombic prisms auld result from 
this class of modifications. ‘ 

If more planes than one be found modifying any 
one of the edges or angles of this form, they are sup- 
posed to result from as many individual modifications, 
as there are planes upon the particular edge or angle 
on which they occur. | 

The planes produced by modifications alae OG 

¥ 


170 THE RIGHT RECTANGULAR FRISM, AND 


THE RIGHT RHOMBIC PRISM, AND . 


Primary form. 


Modifications. 
Class a. 


ITS MODIFICATIONS. 17] 


and d, will generally incline on the adjacent primary 
planes at unequal angles. 

The occurrence of modification b, alone, or modifi- 
cation c, alone, or the unequal inclination of plane d, 
or M, and T, will tend to distinguish the crystals 
belonging to this class of prisms fein those of the. 
square prism or eae: 


ITS MODIFICATIONS. 


Primary form. A right rhombic prism. 

The solid angles at A will be termed the obtuse, 
and those aé Ei the acute solid angles, of this class of 
prisms. The edge G willbe called the acute, and the 

edge H the obtuse, lateral edges of the prisms. 
The individuals belonging to this class will differ 
from each other in the inclination of M on M’, or in 
- the ratio of the edge H to the edge B. a 


Modifications. 

Class a. Obtuse solid angles replaced by. single 
planes which intersect the vara plane Daraltel 
to its greater diagonal. 

When the planes a, increase so much as to meet 
above the terminal plane, the resulting figure may 
be an octahedron with a scent: pe ant as shewn 
qn fig. 228. 


Fig. 228. 


172 THE RIGHT RHOMBIC PRISM, AND 


Class 6. 


Class c. 


Class d. 


ITS MODIFICATIONS. * 178 


Class b. | Obtuse. solid angles replaced by two 
planes. - ; et 

_ This modification would produce a series of four- 
sided pyramids, replacing the terminal plane, and 
the new figures would be octahedrons with rhombic 
bases. ? 


Class c. Acute solid angles replaced by single 
planes, which intersect the terminal plane parallel 
to its short diagonal. 

An octahedron wiih a rectangular base, as shewn 
in fig. 231, may result from this class of modifications 
also, but reversed in its position when compared with 
that produced by modification a. 


Fig. 231. 


Class d. Acute solid angles replaced by two planes. 
This class produces octahedrons with rhombic bases, 
differing from those which might result from class 5. 
only in the relative inclination of the secondary planes — 
to each other, 


174 THE RIGHT RHOMBIC PRISM, AND 


, Chase e: 


Class f. 


Class g. 


* Classth,*il | 


ITS MODIFICATIONS, 175 


Class e. Terminal edges replaced by single planes. 
This modification would produce a series of four- 
sided pyramids replacing the terminal planes, and the 
new figures would be octahedrons with rhombic bases. 


Class 7, Obtuse lateral edges ues by tapgent 
planes. 


Class g. Obtuse lateral edges replaced by two 
planes. 

When the primary lateral planes are effaced by 
the planes g, a series of Bacon y right rhombic 
_ prisms would be produced. 


Class kh. Acute lateral edges replaced by tangent 
planes. 


s 


176 THE RIGHT RHOMBIC PRISM, AND - 


2 eee Class 2. EY CPS SET te wae RO ea 
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THE RIGHT OBLIQUE-ANGLED PRISM, 


el 


Primary form. — 


Modifications. : 
ail (17 be ea 


LTS'MODIFICATIONS. © Cee. 177 


Classi. Acute lateral edges replaced by two planes. 

This modification would produce another series of 
right rhombic prisms. 
_ A general analogy may be observed to prevail be- 
tween these secondary forms, and those of the octa- 
hedron and a rhombic base, and it is only from 
cleavage that we are enabled to refer the secondary 
forms to either of these primary ones. 


AND ITS MODIFICATIONS. 


Primary form. A right oblique-angled prism. 

The angles and edges of this class of prisms may 
be designated as those of the right rhombic prism 
have been, calling the solid angles at A the obtuse, 
those at E the acute solid angles; the lateral edges 
at H the obtuse, those at G the acute lateral edges ; 
the edges B may be called the greater, and C the 
lesser terminal edges. 
The individuals belonging to this class of prisms 
_will differ from each other in the inclination of M on 
T, and in the relative lengths of the edges C, B, 
and H. 


_ Modifications. wn 
Class a. Obtuse solid angles replaced by single 
planes. | 


178 THE RIGHT OBLIQUE~ANGLED PRISM, AND 


Class B. | 


Class c. 


rere 


ITS MODIFICATIONS. : 179 


Class b. Acute solid angles replaced: by single 
planes. 

The planes of both these modifications are scalene 
triangles. | | 


Class c. Greater terminal edges replaced by single 
planes. . | 


Class d. Lesser terminal edges replaced by single 
planes. | 

The relative dimensions of the terminal edges can 
be ascertained only from some modification which is 
supposed to indicate the direction of one of the diago- 
nals of the terminal plane; from this the angle which 
the diagonal makes with an edge of the same plane 
may be deduced, and thence the ratio of the terminal 
edges may be known. 


Class e. Obtuse edges of the prism replaced by 
single planes. ? 
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| .SITS‘MODIFICATIONS.: °° °° OES 


Class f. Acute edges of the prism replaced by 
single planes. 

Modifications e, and f, orth Baedoaly on the 
adjacent lateral planes. 

The characters which distinguish’ this class of 
prisms from right rhombic prisms, are, first, the un- 
equal inclinations of any secondary lateral plane on 
the two adjacent lateral primary planes ; and secondly, 
the occurrence of similar modifying planes upon two 
only of the terminal edges. 

There isa railarhabie general character of obliquity 
in the planes resulting from modifications c, and d, 
which tends to denen ah the secondary forms be- 
longing to this class of primary forms from those 
belonging to the right rectangular prism. 

Epidote affords a good illustration of this character. 


iTS MODIFICATIONS. 


Primary form, An oblique rhombic prism. 


The figure is supposed to be oblique in the direc- 
tion O A so that the terminal plane forms an obtuse 
angle aa the edge H. The planes M M’, may meet 
at an acute, or an ‘abtate angle. For the convenience 
of description, the solid angle at A, will, in either 
ease, be called the acute solid angle; that at O, the 
obtuse solid angle; and those at F, the Jateral solid 
angles. 

The edges B will be called the acute terminal edges, 
and fone at D the obtuse terminal edges. ‘The edge 
H, and its opposite, are the oblique edges of the prism, 
ahd G and G! the lateral edges of the prism. 


182. THE OBLIQUE RHOMBIC PRISM, AND 


Modifications. 
. » Class a.” 


- Class b. 


~ » Class ee 


ITS MODIFICATIONS, ht, 3 188 


The individuals of this class will differ from each 
other in the inclination of M on M’, and in the ratio 
of the edge H totheedgeD. 


Modifications. 
Class a. Obtuse solid angles We ated by Single 


planes. . 


Class b. Obtuse solid angles replaced by) two 
planes. | 


Class c. Acute solid ange press by single 
planes. 


184 THE OBLIQUE.RHOMBIC PRISM, AND 


s 


“yop ) Class d. 


Class e. 


Class f- 


" GVA PETS MODELFICATIONS. 0 or 185 


Class d. Acute solid angles replaced»:by two 
planes. — ; 


Class e. Lateral solid angles replaced. by single 
planes. | 

This class would produce a series of octahedrons 
analogous to those resulting from modification c of 
the right rhombic prism, but whose bases instead of 
being rectangles, would be oblique-angled parallelo- 
grams. , 


Class f. Obtuse terminal edges replaced by single 
planes. | : 


186 THE OBLIQUE RHOMBIC PRISM, AND 


> Class go 


Class h. | 


Class 7. 


18S MODIFICATIONS, vit 187) 


Class g. ‘ Acute terminal edges opie by pret 
planes. 


Class h. Oblique edges of the prism replaced by 
tangent planes. 


Class 7. Oblique edges of the prism replaced by 
_ two planes. 
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ITS MODIFICATIONS. 189 


Class k&. Lateral edges of the prism replaced by 
tangent planes. — 


Class /. Lateral edges of the prism replaced by 
two planes, 

_Classes 7, and /, would sedan other oblique rhom- 
bic prisms, varying from the primary, and from each 
other, in the angles at which their lateral planes 
would meet. 


In this class of primary forms the cleavage pianes, 
parallel to one of the lateral planes, are sometimes 
brighter than those parallel to the other planes, which 
is not the general character of symmetric cleavage. 

This class of prisms may generally be distinguished 
from rhomboids, by the unequal angles at which the 
adjacent planes incline to each otter at a terminal 
edge, and at an adjacent lateral oblique edge; but if 
these planes should respectively meet at equal angles, 
as it is possible they may do, the distinction then would 
arise from the lateral edge being greater or less than 
the terminal one. For it is possible that the in- 
clination of P on M, or M’, should be equal to that of 
M on M’, but in this case the edges D would be 
greater or less than the edges H, and this prism 
would then bear the same analogy to the rhomboid, 
that the square prism does to the cube. 


THE DOUBLY OBLIQUE PRISM, AND 


Primary form. 


' Modifications. — 
Class a. 


ITS MODIFICATIONS. 
Primary form. A doubly oblique prism. 


This class of prisms may be supposed to stand in 
the same relation to the right oblique-angled prisms, 
that the oblique rhombic prism does to the right 
rhombic prism; and the following modifications will 
be better understood, by supposing a right oblique- 
angled prism to become oblique from an acute or 


an obtuse edge of the prism. This form will then be 
| readily perceived to vary from the oblique rhombic 


prism, in the dissimilarity of its plane angles A, E, 
I, and O, of its acute terminal edges B C, and of its 
obtuse Eerainet edges D and F. 

The edges and angles of this class of prisms may 


_ be designated by the same terms as have been used 


— 


for the corresponding ones. of the oblique rhombic | 
prism. 

The individuals elbetne to this class will differ 
from each other in the inclination of P on M, Pon T, 
and M on T, and in the ratios of the Bee D, H, 
and F. 


Modifications. 


Class a« Obtuse solid angles O, replaced by single 
’ planes. 


, 5 


192 THE DOUBLY OBLIQUE PRISM, AND 


Class 0. 


Class Ca 


Class d. 


Class e. 


“ITS MODIFICATIONS. | “193 


Class 6. Acute solid angles A, replaced by single - 
planes. 


Classc. Lateral solid angles E, replaced by single 
planes. 


Class d. Lateral solid angles I, replaced by single 
planes. 


Class e. Acute terminal edges B, replaced by 
Single planes. 


I 
ay 


THE DOUBLY OBLIQUE PRISM, AND 


Class /- 


REG & 


Class g. 


Class A. 


LY BUDE AO Fe L ae BD 
ITS MODIFICATIONS. 195 


Class f, Acute terminal edges C, replaced by single 
planes. 


Class g. Obtuse terminal’ edges D, replaced by 
single planes. 


Class #. Obtuse terminal edges F, replaced Py 
single planes. 


Class 7. Oblique edges of prism replaced by single — 
planes. : 


282 


196, THE DOUBLY OBLIQUE PRISM, AND 


_. Class &. 


THE REGULAR HEXAGONAL PRISM, AND — 


/ 


Primary form. 


Modifications. 
- Class a. 


{ 
‘ITS MODIFICATIONS. 197. 


Class k. Lateral edges of prism replaced by single 
planes. - 


From the dissimilarity of any two adjacent edges 
or angles of this class of primary forms, the modi- 
fications, it will be remarked, are all single planes ; 
some of the compound secondary forms belonging to 
this class, are among the most difficult crystals to be 
understood. 


ITS MODIFICATIONS. — 


Primary form. <A regular hexagonal prism. 

The planes M on M’, measure 120°. M on d, 150”. 

The individuals belonging to this class will differ 
from each other in the ratio of the edge G to the 
edge B. 


Modifications. 

Class a. Solid angles replaced by single planes. 

Produces a six-sided pyramid on each summit, 
resting on the edges of the prism. 

The new figures would be a series of dodecahedrons 
with isosceles triangular planes. 


198 THE REGULAR HEXAGONAL PRISM, AND 


Class b. | 


Class cL. 


Class d. 


Class e. 


ITS MODIFICATIONS. 199 


Class 6. Solid angles replaced by two planes. 
The series of new figures would be contained 
within 24 triangular planes. 


Class c. Terminal edges replaced by single planes. 

Produces a regular hexagonal pyramid on each 
summit, resting on the planes of the prism. 

The new figures would be dodecahedrons with 
isosceles Biamiiee planes. 


Class d. Lateral edges replaced by tangent planes. “ 


Class e. Lateral edges replaced by two planes. 
The primary and secondary forms of this class, are 
similar in character to some of the secondary forms 
of the rhomboid; and it is only by their respective 
cleavages that they can be distinguished from each 
other. 
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ITS MODIFICATIONS. 


Primary form. <A rhomboid. 


It is found convenient to designate the edges and 
angles of this figure as follows. 

The angle at A is the superior angle of the plane P; 
that at O is the inferior angle; those at F are the 
lateral angles; the edges B are the superior edges; 
those at D the inferior edges. 

The solid angle at A may also be called the termi- 
nal solid angle, or solid angle of the summit. The 
edges B the terminal edges, or edges of the summit. 
The solid angles at E, the lateral solid angles, and 
the edges D, the lateral edges. 

The individuals belonging to this class are usually 
distinguished from each other by the inclination of P 
on P’. When P on P’ measures more than 90°, the 
rhomboid is called obtuse; when less, it is called 
acute. 

The angle P on P’, is limited between 180° and 60’, 
but it is obvious it can never reach either of those 
limits; for the axis must vanish, before the planes P 
and P’ would reach 180°, or become one plane, and 
it must be infinite, before these planes could incline 
to each other at an angle of 60°; in either of which 
cases the figure would cease to be a rhomboid. 


202 THE RHOMBOID, AND 


Modifications. 
Class a. 


Class 6. 


Class c. 


ITS MODIFICATIONS, 203 


_ Modifications. 
Class a. Terminal solid Angles replaced by tangent 
planes. | 


Class b. Terminal solid angles replaced by three 
planes resting on the primary planes. 


Class c. erainal solid angles replaced by three 
planes resting on the primary edges. 

Modifications 6, and c, would produce a series of 
rhomboids more ste than the primary. 


202 


204 THE RHOMBOID, AND 


Class d. 


Class fi 


ITS MODIFICATIONS. 205° 


Class d. Terminal solid angles replaced by six 
planes, producing, ultimately, a series of dodeca- 
hedrons whose planes are generally scalene triangles. 


Class ce. Lateral solid angles replaced by single 
planes parallel to the perpendicular axis of the 
rhomboid. 

Planes e, are the lateral planes of a regular hex- 
agonal prism. 


Class f. Lateral solid angles replaced by two 
planes, meeting at an edge which is parallel to the 
perpendicular axis of the rhomboid. 

Planes f represent the lateral planes of a series of 
dodecahedral prisms. 


206 : 


Class g. 


Class h. 


Class 2. 


\ 


THE RHOMBOID, AND 


ITS MODIFICATIONS. 207 


Class g. Lateral solid angles replaced by single 
planes inclining on the superior edges. 


Class 4. Lateral solid angles replaced by two 

planes, which intersect each other at an edge that 
inclines on the superior edges; and which also in- 
tersect the adjacent primary planes parallel to their 
oblique diagonals. 


Class i. Lateral solid angles replaced by two 
planes, which like those of class h, intersect each 
other at an edge that inclines on the superior edges, 
but do not intersect the adjacent primary planes 

parallel to their oblique diagonals. 


208 THE RHOMBOID, AND 


Class Ki 


Class 7. 


Class m. 


rs! MODIFICATIONS. 209: 


Class k. Lateral solid angles replaced by*‘smgle 

planes inclining on the primary planes. 
Modifications g, and k, will produce a series of 
rhomboids more acute than the primary, except one 
_ variety of class 2, which produces a rhomboid similar 
to the primary. | | 


Class 1. Lateral solid angles replaced by two 
planes, which intersect each: other at an edge that 
inclines on the primary planes. 

Modifications h, i, and k, lead to a series of dode- 
cahedrons whose planes are generally scalene tri- 
angles. } 


Class m. Superior edges replaced by® tangent 
planes. a Tas . 

Produces a rhomboid more obtuse than the pri- 
mary. R 
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ITS MODIFICATIONS. Qi11 


Class x. Superior edges replaced by two planes. 

A series of dodecahedrons may result from this 
modification, whose planes are generally isosceles 
triangles. | 


Class o. Lateral edges replaced by tangent planes. 
Planes o are the lateral planes of a regular hex-. 
agonal prism. 


Class p. Lateral edges replaced by two planes, 
- From this modification there results a series of 
dodecahedrons, whose planes are generally scalene 
triangles, aver } 


QnQ2 


21 6d THE UMOMBOEDS AND 


Phe! modifications: 6f the: rhomboidsiand tite Secohd- 
vary figures ‘to’ which they lead, are “generally dis- 
tideenishiablé from those of the: pbiiegds rhombic prism. 


But those which mark the distinction with the great- : 
est certainty, are modifications a, e, 2, k, and m, of 
the rhomboid. In the oblique rhombic prism, modifi- _ 


cation. c, corresponding with @ on the rhomboid, is 


not a tangent plane ; and modification ¢ of the prism, 


corresponding in position to some of the planes of. 
modification e, g, k, and m, of the rhomboid, affects 
only four, solid sry of the prism instead of. the’ six 
which, are, simultaneously modified on-the. rhomboid. 

The three edges of the rhombic prism: which. meet 
at the solid BBs A, are not gener ally all modified 
at the same time, as those of the rhomboid are; nor 
are the edges G and D modified together as ibe: cor- 
responding edges are in-class m of the rhomboid. 

When the primary planes. of the rhomboid are 
effaced, it is frequently only by observing the direc- 
tion of the natural joints, or cleavage planes, that 
. we are enabled to determine the classes of modifi- 
ag Ne a which its pecoudaty forms belong. 


‘ SeVbral of the preceding classes of primary forms 


stand in certain relations to each other, which it has 
not fallen within the scope of the tables to ‘point out. 

If we imagine the lateral edges of the cube to be 
lengthened or shortened, a square prism would be 
produced. If while the nteral edges are lengthened, 
or shortened, we conceive four parallel terminal 


edges to be inked or shortened also, but in a — | 


different ratio to the remaining edges of the cube 
from that i m which the lateral Sore eS been var ied, 
we shall then have the right rectangular prism. 


Tt will facilitate our description of the relation of 


some of the primary forms: to certain others, if we 


j 
eo 
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conceive the edges to represent wires, united at the 
solid angles by universal hinges or joints, and capable 
of being moved -in. every direction; -and, , together 
with the axes, capable also of being lengthened or 
shortened. 

-If we conceive one of the axes of the cube to be 
lengthened, the ‘resulting figure would be an acute 
rhomboid. If we suppose the ‘axis shortened’ by 
pressing at the same time upon’ the two opposite 
‘solid angles through which tlre axis to be shortened 
passes, an obtuse rhomboid would be produced. 

If two opposite lateral edges of the square prism 
‘be supposed to be gradually pressed’ together, so as 
_-to'shorten one of the diagonals of the terminal plane, 
and to lengthen the other, the resulting figure would 
be aright rhombic prism. | 
If we now suppose’ pressure applied to an acute or 
-an’obtuse solid angle of this rhombic prism, and the 
_ prisin’ to ‘be forced from its perpendicular in the 
direétion of one or other of the diagonals of its ter- 
minal plane, an oblique rhombic prism would be pro- 
_ duced. ~~ | 
~ Iftwo opposite lateral edges of the right rectangular 


_ prism be pressed’ more or less towards each other, a 


right oblique-angled prism would be produced. 

And if this right oblique-angled prism were slightly 
forced from its perpendicular position, in the direc- 
tion of either-of its diagonals, a pili oblique prism 
~ would result, 
So if? the vertical axis of the oer nisadedon 
were ‘to be lengthened or shortened, an octahedron 
witha square base’ would be produced. And if two 
opposite ‘angles of that square base were pressed. 
together so as to shorten one of its diagonals, and ‘to 
tengthen the other, the resulting figure would be the 
 eelahedron with a rhombic base. | 


TABLE OF SECONDARY FORMS, 


Ir may. be observed in the preceding tables of — 
‘modifications, that many of the secondary forms of — 
crystals, are similar to some of the classes of the ‘pri- | 


mary. And it may also be remarked, in many in« 

stances, that the secondary forms when complete, or 
the new figures, as they are > termed, are piterent aii 
all the primary forms. 


The following table exhibits the relations of both | 


these dentinal of secondary forms to the several © 


classes of the primary from which they might be pro- 
duced; and it may thus be regarded as a kind of 
index to the tables of mere ere 

The first column contains a list of the secondary 
forms, several of which are exhibited in their com- 
plete state, or as they would appear if they were 
contained within the modifying planes only. 


oe 


The second column contains the references to the — 


classes of primary forms, and of modifications, from 


which the figures in the first column might respec- 


tively weailee 


A single example will sufficiently illustrate the use| 


of this table. 

If we desire to know from what primary form a 
right square prism may be derived, we find that it 
~ may result from its own gindigeation d; or from an 
octahedron with a square base, by the concurrence, 
on one crystal of that form, of the modifications a and 
e, ora and 2, when those modifications efface the pri- 
mary planes. And if we turn to those modifications 
of the octahedron with.a square base, we shall observe 
that modification @ would produce the terminal 
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planes, and e, or n, the lateral planes of a right 


square prism. 


Secondary forms. 


—— 


1. CoNTAINED WITHIN FOUR 
PLANES. 


~ The regular tetrahedron . 


2. CONTAINED WITHIN sIx 
PLANES. 


The cube ........-; eoen 


: _ The right square prism : 


‘ 


‘The right rectangular 
prism ....-.ereeeees : 


How they may be derived. 


From the cube. Mod. g 


= ae ee ee eo : 
5 


From the regular tetrahedron. 


Modification e. 
soot dada . regular octahedron. 
Modification a. 
rhombic dodeca- 


Modification a. 


hedron. 


ae ae i right square prism. 
Modification d. The octa- 
hedron with a square base, 
by a concurrence of Modi- 
fications aand e, or aand 7, 
on the same crystal. 


ew oigke s octahedron with a 
rectangular base, by the 
concurrence of Modifica- 
tions a, m, and o, on the 
same crystal. 

ie RUE octahedron with a 
rhombic base, by the con- 
currence of Modifications 
a, g, and, on the same 
Aue 

wants right rhombic 
prism, if Modifications f— 
and fA occur on the same 
crystal, and efface the la- 

_teral primary planes. 
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ih ow they may be deriveds lens 
From the octahedron with a. 
. rectangular base, by the 
concurrence of Modifications 
a and e, or a@and f, ora 
and g, on the same crystal ; ‘ 
__or of 6 and o, orn and 0y.in 
which case o would : appear 
a terminal plane; or of c — 
 and.m, or p and m, appear- 
_ ing then as ‘the terminal 
plane. iver 
ET RR PE OS eT. OCtaDeC ron Wk6h. dam 
_- rhombic base, by the con- — 
currence of Modifications 
a and. 4, or a@ and p, ora 
and 7, on the same crystal ; 
or of band n, orhandn, — 
or Zand 7; or of ¢ and g, 
-.oroand g, orvand g; but 
in these latter combina- 
tions, n and g would ap- 
pear as terminal planes... 
a teh ae ‘right rectangular 
_ prism, Modification d; or . 
Modification 0, or c, if we 
suppose the planes 8, or c, 
to have effaced four of the 
primary planes, and_. the 
figure then rest on 1 the > plane 
‘M or Ty ; 
geyeate aed. right rhombic prism, 
Modification g, or @. 


Secondary forms. 


The right rhombic prism . 


Come 


- 


‘The right oblique-angled | . 
MePEISI tetas cis» Fete ide .... Oblique rhombic * 
. ae prism, by the concurrence 
of Modifications h and /, on 
the same crystal, and by 
supposing the secondary 
form to rest upon the plane 
k. In this position the 
planes & would appear as 
the terminal planes of the 
new figure, and plane P as 
one of the lateral planes. 
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Secondary forms. 


How.they may be derived. 


ooo 


a ee eee Ce es 


The rhomboid oh SOOTY 


From the rhomboid, Modi- 
fication, b, c, g, k, orm. 


= 
3. CONTAINED WITHIN. EIGHT 
PLANES. 


| From the cube, Mod. a. 

hem ouetes regular tetrahedron, 

~ Modification a, when the 
secondary planes first touch 
each other on the edges of 
the tetrahedron. In this 
state of the figure, four of 
the octahedral planes. are 
obviously the primary 
planes of the tetrahedron. 

‘eae - rhombic dodeca- 

hedron, Modification e, 


‘The regular octahedron. 


The octahedron. with a 
“square base..........|..2-,--.+. octahedron with a 
square base, Modification 
b, c, f, 4, or o. 

+++++-+. right square prism, 
Modification a or ec. 

The octahedron with a 
rectangular bas@,o.s.. 4... <4 vie. RLeHE rectangular 
prism, by the concurrence 
of Modifications } and c, 

eee ee the right rhombic. 
prism, when Modification 
a, or C, is combined with 

four of the primary planes, 

The octahedron with aj. 

rhombic base ,.......].....--. octahedron with a. 

. rectangular base, Modifi- 

cation h, 2, k, or 1. 

Peers} ., octahedron with a 
rhombic base, Modification 
d, es f, k,l, m, 4,7, 8, uy x, 
or 2. 

eet re right rectangular 
prism, Modification a. 

SUD bbe right rhombic prism, 

Modification 3, d, or ¢, 
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_ Secondary forms. 53 


—S 


The hexagonal: prism... . 


| How they may be derived. 


Serer eae 


eS 


hen the. rhomboid, by : a 

combination of Modifica 

tions a-and-e, or a and m. - 
od AN hexagonal prism, 

Modifieotad d. 

Seen right rhombic prism 

of 120°,  sephaapransk is h. 


+ “oy 
/ 


i 


4. CoNnTAINED WITHIN 
TWELVE PLANES. 


a, The planes being isosceles 
triangles... 


| Fromthe regular tetrahedron, 
Modification c. x 

veeees ss Cube, Modification 
- h. . ; 


Fig. 289.. 


-|From the regular tetrahe- 
dron, Modification f. 
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eee | pec 


“Secondary forms.” » |) How they may be derived. 


From the rhomboid, particu- 
lar planes of Modification 
d, h, z, [, or n. 

Sins eet ‘hexagonal prism, 
Modification a, or c. 


as sin dona 


b. The planes being sca- 
lene triangles. 


sees eit rhomboid, Modifi- 
cation d, h, 2, 1, n, or p. 


_. e+ The planes being 


_. rhombs. oe 
' The rhombic dodecahe- : arth 

BeOLOD om iKosin «= =) 2's Nae day Seeks cube, Modification 
Se hue AE ee EA 


inte ars wage regular tetrahedron, 
particular Modification be- 
longing to class 6. . 
.eee.-. regular octahedron, 
_ Modification e, + 


2n2 
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_ Secondary forms. © 


eae 


d. The planes being tra- 
pezotds. 


e. The planes being pen- 
tagons. 


5. CoNTAINED WITHIN SIX- 
TEEN TRIANGULAR PLANES, 
which are generally sca- 
lene, but may be isosceles 
triangles. ; 


Fig. 295. 


- How ey may we derived. - 


‘From the regulartetrahedron, 


Modification 6 generally. 


een ee regular tetrahedron, 


particular Modification be- 
longing to class d. 


SS ee 


From the octahedron witha 


square base, Modification 3 


d, h, a, k, or Mm. 


weeeeeee right square Brisa k 


Modification 0. 


Re Wiciniy ath cube, Modification : 


ane 
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» Seoondary forms... || How they may be derived. 
6. CONTAINED WITHIN TWEN-].- 
TY-FOUR PLANES. 


ee, ee | 


— 


tu The planes being isos- | 
celes triangles. ©. 


From the cube, Modification 


Pe ih! et fas regular tetrahedron, 
Modification d. 
..«... regular octahedron, 
Modification Ce 
| .....-.+. rhombic dodecahe- 
dron, Modification 0. 


Wig 20) ee Wel Nae. cube, Modification 


. regular octahedron, 
"Modification ve 
SBh ig we thombic dodecahe- 
dron, Modification’/. 


b. The planes being equal 
trapezoids. 


f 


Fig. 298. Sree Aa cube, Modification 
Qo. 
‘ .regular octahedron, 
O Modification b. 
eeees--. rhombic dodecahe- 
dron, Modification c, g, or 
rf 


999° 


- Secondary forms. \ 


Biesinc patti 


ee Se SF 
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| How-they stint be e derived. 


a es a ey RS = a 


7. CONTAINED WITHIN FORTY-} 


EIGHT TRIANGULAR PLANES. | 


From the she Modification 
d. 5 


Phe) Siu’ ‘regular octahedron, 


Modification d. 
rhombic dodecahe- 
dron, Modification d, h, or 


id 
@. 


Section XII. 


ON THE APPLICATION OF THE TABLES" 
¢! OF. MODIFICATIONS. 


'. Tue preceding tables of modifications are adapted 
principally to two purposes. The first is, by the re- 
marks they contain upon the comparative characters 
of the secondary forms belonging to the different 
classes of the primary, to assist the mineralogist in 
determining the primary form of any mineral from an 
examination of its secondary forms, And the second 
_is to enable him to describe any secondary crystal, 
whose primary form is known. An attempt is thus 
_ made to supply a language, by means of which the’ 
secondary forms of crystals may be described inde- 
pendently of the theory of decrements, and without 
the assistance of mathematical calculation. | 

The remarks upon the comparative characters of 
the secondary forms, may not however be sufficient 
to lead the observer from the secondary to the pri- 
mary form of a mineral, without the assistance of a 
few general rules. 

And although I cannot flatter inysalt that the slight 
outline I am about to trace of the method of reading 
crystals, will enable a person at once to refer any 
given secondary crystal to its primary form, it will 
“nevertheless afford him a useful clue to the discovery 
of that form. 

The first step. in the process of: av Neen the 
mineral species to which any given secondary crystal 
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belongs, is, as we have already seen, to determine 
the class of primary forms to which it belongs. And 
if the individuals of that class differ from each other 
in the mutual inclination of some of the primary — 
planes, the goniometer must be resorted to for deter-— | 
mining that inclination in the crystal we are eX- 
amining, . 

It happens, pause | not unfrequently, that all the 
primary planes of a crystal are obliterated, and that 
the secondary form consists of an entirely new figure. 

In this case the observer will encounter a difficulty 
in his attempt to deduce the characters of the pri- 

mary form from the secondary crystal, unless the 
‘secondary crystal can he referred to one of those | 
entire secondary. forms described in the table of second: - 
ary forms; but in any case this difficulty will be in 
some degree avercome, by a habit of examining and 
comparing crystals with each other, although it pro- 
-hbably cannot be entirely removed. For if any rules — 
could be given for determining a primary form from 
the inspection of a secondary form, on which no trace 
of the primary planes remain, and where no assistance 
is afforded by cleavage, they must be too numerous - 
and complicated to be serviceable to the young 
mineralogist, for whose use pha: pages are princi= — 
pally designed. : 

‘In the few rules, thirafove, which I propose to give, 
I shall suppose, generally, that the secondary crystal | 
which is to be examined retains some portion of the 
natural primary planes, or of ‘pete gti wins 
are parallel to these.* 


* The planes of the regular tetrahedron, and of all the pctitied aa 
and of the rhombic dodecahedron, may be easily recognised from the 
figures in the preceding tables, and they will not therefore be par= — 
ticularly noticed here. And the different varieties of octahedrons are 
distinguishable from each other by the angles at which their several 
planes respectively meet. 
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_,To_ ascertain \the, class of, primary forms Ao, which 
such secondary. crystal. belongs, we should first ob- 
serve whether there ,be on the crystal any series. of 
planes whose. edges are parallel to each other.. If we 
observe such a series of planes, we should then hold 
the crystal in ,such a manner, that the series of 
parallel edges may be wertical, or upright. And, while 
it, its in this position, we, should observe whether ‘there 
be any plane at right angles to the series of vertical 
pinise we fhave noticed. * 
we may sometimes. find Shnti jek are. two seks ‘of 
parallel edges, either .of which being held upright, 


the crystal would present a series of vertical planes, 


“ 


‘We should: in this case.endeavour.to ascertain whether 


| the planes belonging to one set, are not so symmetri- 


cally arranged with respect to ci Be of the other, as 
to possess the character of modifications .of the der- 
minal edges of a primary form; if we,find them so, 
we should not make that the vertical series, _ 
df there be a series of vertical planes, and,a horiz ontal 
a. we should observe whether any of the vertical 
planes. are at right angles to each other, and whether 
there be any A rligns planes lying between some of 
the yertical planes, and \the horizontal, plane. __ 
~ We should remark the equality, or inequality, of 
the angle at which any of ‘the vertical ;or oblique 
planes, incline on the several adjacent planes. | 
We should notice whether there be any such. sym- 


anetrical arrangement of the. vertical planes, .or, of 
the oblique planes, if there be any, as would induce 


* * When the series of planes with parallel edges are held vertically, 


‘the plane at right angles to them will of course be horizontal. These 


may: therefore ‘be called the vertical and horizontal filanes; all other planes 


quill, sbeitermed oblique ;,and the edges of the horizontal and vertical planes, 


will. be termed horizontal. and vertical edges, 


QF 
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us to refer our crystal to any errr class of 
primary forms; and by comparing the characters we 
thus observe with those described in the ‘tables, we 
shall probably discover the class of primary forms to 
which our crystal belongs. | , 
Let us now suppose our crystal to be contained ‘within 
any series of vertical planes, and to be terminated, not — 
by a horizontal plane, but by a single ‘oblique plane, 
the crystal, may then belong to the class of oblique 
rhombic prisms, doubly oblique | prisms, or rhomboids. 
If there be four oblique planes, inclining to each © 
other at equal angles, the crystal may belong to the | 
| class of square pe or of octahedrons with enuare ; 
bases. | 
If there be four pha planes, each of eh in- i 
clines on two adjacent planes at unequal angles, the é 
| crystal. will probably belong to the class of right 
rectangular prisms, right phouter prisms, or octa- 
hedrons with' rectangular or rhombic’ bases. a. 
If the series of vertical planes consist of 6, 9, 12, or 
some other multiple of 3, and if there be a single hori- 
- gontal plane, ‘the crystal may belong to one of the 
classes of right prisms, rhomboids, or hexagonal | 
prisms. 
If there should be three oblique planes, the primary 
form is a rhomboid. — g 
But if the termination consists of six oblique | 
and equal planes, the crystal may belong to the class — 
of rhomboids or hexagonal prisms. | 
Crystals not falling within any of the ohbeudiiae 
descriptions, may yet be found to resemble some of 
the secondary forms given in the tables. . 
- Those which belong to the class of doubly oblique 
prisms, are sometimes very difficult to be understood ; 
and the relation between the primary and secondary. 
forms of this class, ¢ can be learned only by” a com- 
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parison « of the crystals themselves with each other, 
assisted by the tables of modifications already ¢ given. 
A circumstance, which has not yet been alluded to, 
will also frequently render it very difficult to read a 
crystal. 'This is the unequal extension of some of its 
parallel planes. A very remarkable instance of this 
character prevails in copper pyrites, and has been 
the occasion of the erroneous opinions entertained 
until very lately, respecting the primary form of that — 
substance. 

In all the works on mineralogy, except that by 
Professor Mohs, its primary form is stated to be a 
regular tetrahedron. Mohs, however, discovered that 
its , form was an octaliedron with a square base. The 
two ‘following figures, for the drawings of which, 
_ made from crystals in his own possession, I am obliged 
4o Mr. W. Phillips, exhibit crystals containing equal 
numbers of similar planes ; fig. 300 having these planes m 
_ regularly placed on the primary form, and fig. 301 
‘representing the same crystal as it frequently occurs 
in nature, with some of its planes consider ably enlarged. 

_ The same letters are placed on | the corresponding 
Pikces of each. 


‘Fig. 01. 


Mr. Phillips had discovered from the cleavage of | 

this substance, before the publication of Professor 

Mohs’s book, that its primary form was not a tetra- 
22 
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hedron, as appears by a paper in the Annals of Phi- | 


eh new series, vol. 3. p. 297. 


When crystals of this irregular character occur, it | 


is generally, only. by ileus, and by using the 


goniometer, that we can be led to an ‘accurate eters : 


mination of their true forms. 


Having askertained: the class of primary forms to. 


which’ our supposed crystal belongs, our next step 


would be to measure the angles of its primary or 
secondary planes, in order to determine the pie ye 


to which the mineral itself belongs. 


If the crystal belongs to one. of the four ewes 
solids, whose angles, when the forms are similar, are — 
_ always equal, its hardness, or specific gravity, or some — 
other character, will the most readily lead to a de- | 


termination of its mineral species. 
But it may happen that the secondary ryan we 


are examining, may be referred with equal propriety — 


to either of the two, or more, classes of primary forms. 


If we turn to the modifications of the octahedron Y 


with a square base, and to those of the square prism, 


and imagine the modifying planes of the square prism _ 


much enlarged, we shall observe such a resemblance 


between them, that either form may be taken as the i 


primary, in reference to the secondary forms of both. 


The same remark will apply to the octahedron with — 


a rectangular or a rhombic base, and the right rect- 
angular, or rhombic prism. 


In these cases it has been usual to adopt that as 


- 


the primary form which is developed by cleavage. 


But if there be no practicable cleavage, or if there — 


be two sets of cleavages, parallel to the planes of 


two primary forms, we are then at liberty, as it has — 


been already stated, to adopt either of. ies and 
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our ‘choice would probably fix on that: which 1 was 
most prédominant among the rNecmeb she fornise | 


I fa a ayatsal is to be wcadnibed PF the assistance of the 
preceding tables, we must suppose the primary form 
to'be known; this must’ be’ first’ described: according 
to its class, ind’ if necéssary by its angles also. 

Its modifications, if they are single, may then be 


denoted by the letters under: which they are arranged 


in the tables, But as each of the classes of modi ieuiions 


- except those which consist’ of tangent planes, compre- — 


hends an almost unlimited number of individual modi- 


Sying planes, di iffering from each other in the angles at 


which they respectively incline on the primary planes, it 


_ becomes necessary to add to the tabular letter which 


expresses the modification, the value of the anoles at 
which the plane we have obeerved? inclines on the 
adjacent primary planes. | 
We have already seen that modification’ a of the 
right rectangular prism, comprehends a considerable 
mhiber of planes varying in their relative inclinations 
on P, M; and T.  Let’us’ suppose the crystal Wwe are 


examining, to belong’ ‘to the class of right rectangular 


prisms, and to be'nodified by a plane a, and let the 
inclination of the: plane’ we have observed, on P, M, 


and T, be called mm, n°} and o*, these letters signifying 


my number of degrees and minutes whatsoever. 

A crystal containing the primary planes of the 
right’ rectangular’ prism, and a set' of planes belong- 
ing to eaitehitaHN ‘a might then'be thus described. 

Right rectangular eee Modification ‘a, m° on’ P. 
pele : n°? — M.- 
BACB ¢ 1) fib pean! | eT 

The character of the plane being thus established, 
We may in future, in order to ai dal the repetition of 
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the measurements, describe the plane as Modification © 
a, plane 1, and it may be marked in the figure of the ‘ 
crystalasal. Se eh Yt a Etats 
Let us now suppose we find on another crystal, 
another plane modifying the same solid angle; and — 
inclining on P, M, and T, at p’, q’, and rj and a 
third plane; also modifying the same solid angle, and — 
inclining on P, M, and T, at s°, @; v°, we should de- — 
scribe these planes as we did the first; by i 
Modification a, ppon PY 
: gq’ —M bonne Qe 
Modification a, s° — P \ 


¢—M plane 3. ~ . 


Dome takin 
And having thus recorded the character of the planes, ® 
we may in future describe them as fe | a 
wae Modification «a 2, | pea erahth 
. Modificationa 3. | bone 
This method of description may be applied, whe- — 
ther the three planes have occurred on the same — 
crystal, or on different crystals. jeu 
The inclination of the modifying plane on two of 4 
the primary planes, is generally sufficient, when a 
solid angle is modified, for determining the law of — 
decrement; but the third inclination serves as al 
check upon the accuracy of the other two. a 
If the edge of any prism be modified by one or 
more planes, it will be sufficient to give the incli-— 
nation of each plane, on either of the primary planes, — 
where the inclination of the primary planes to each © 
other is known, as the inclination on the other pri- 
mary plane may be readily ascertained. But when 
an edge is modified, of any crystal whose adjacent — 
primary planes do not meet at a right angle, and _ 
when their mutual inclination is unknown, the in- — 
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clination of the modifying plane on both the primary 
should be given. 
This method of description may be readily extended 
to all the classes of primary forms; and although it 
may sometimes be rather tedious in ae application, it 
— will convey an accurate description of the planes to 
which it is applied. | ti 
It may. frequently happen, that we are examining ¢ a 
crystal whose primary form is unknown to,us, and 
whose secondary planes do not enable us to deter- 
mine that form; we can in such case describe the 
crystal only by giving a drawing of it, accompanied 
by the inclinations of its several planes to each other. 
It will perhaps be found convenient, where it can 
“be done, to number the observed planes, belonging 
' to each class of modifications, in some certain order; 
when ‘there. is a series of secondary planes whose 
edges are ‘parallel, that plane may be denoted by 
No. 1, which forms the most obtuse angle with the 
PRmary. plane to which the series may. be referred. 


eas, V2 
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ON THE USE OF SYMBOLS FOR, 
DESCRIBING ‘THE-SECONDARY FORMS . 
Slop of on oka OORMSTALS, cca!) sha 


In Section 11, p, 102, it was stated that certain — 
letters had been appropriated by the Abbé Haiiy, as 
symbols, to designate the similar and dissimilar edges, ‘ 
angles, and planes of each of the classes of primary _ 


| forms. And in the tables of modifications, these let- : 


ters are placed on the figures of the primary forms, — 
to denote in each its similar, and dissimilar, edges, — 
angles, and planes, UATE 
‘The order in which they are placed on the figures — 
is obviously that of the alphabet; and they are ar- . 
ranged also according to the ordinary method of 
writing, beginning at the upper part of the figure, — 
and then proceeding from left to right until the seve- 
ral parts of the crystal are marked by the appropriate — 
letters. | oe, | 
This will be very apparent, if we refer to the pri-_ 
- mary form of the doubly oblique prism. : 
The letters P M T are retained to designate the 
primary planes of crystals, although the term primi- 
tive, from which those letters were derived, is not 
used in this treatise. | | 
The letter A is, by the Abbé Hatiy, placed, gene- 
rally, on an obtuse angle of the primary form; but 
according to the positions in which the primary forms 
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are drawn in the preceding tables, the letter A will 
not necessarily stand on an obtuse angle, excepting 
on the rhombic dodecahedron, the right rhombic, the 
right oblique-angled, and the es ecaal prisms. 

The edges and angles of that terminal plane of the 
prism, on which the figures appear to rest, and the 
edges and planes which constitute the back of the figures, 
are supposed to be denoted by a series of small letters, 
corresponding with the capitals, by which the diametri- 
cally opposite edges, angles, and planes, exhibited in 
the front of the figure, are designated. 

The representation of the secondary forms of crys- 
tals by means of these symbols, is effected by annex- 
ing numbers, expressive of the particular laws of 
[dectetneht’ by which the secondary planes are con- 
ceived to have been respectively produced, to the 
‘letters which denote the edges or angles on which 
Sh decrements have taken place. 

These numbers will be termed the indices of the 
_ secondary planes, and will generally be represented by 
- the leiterspqrs. 

Before we proceed, however, to explain the man- 
‘ner in which these symbols may be applied to the 
representation of the secondary forms of crystals, we 
shall for a moment consider the theory of decrements 
“more particularly in reference to the descriptive cha- 
racter it affords. 

As this character is to'bé regarded as little else 
than a symbol, indicating the change of figure which 
‘the primary form has undergone, if there be two laws 
of decrement which will equally well express this 
‘change of figure, we are obviously at liberty to adopt 
either law, as the generator of the new plane by 
‘which the figure of the primary form is altered ; but it 
will be found convenient-to be euided by some rule 
‘in our choice. 

26 
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au) if, for example, we ‘find a secondary plane, such 2 as | 
a b, fig. 302, on the terminal edge of any prism, pro- 
raved ‘i its abstraction of three rows of molecules 
in the direction of the lateral edges, and of one row in 
‘the direction of the terminal edges, such a "plane 
might be conceived to be produced by a decrement 
proceeding along the plane ac, consisting of three 5 
“molecules in height and one in breadth, or ‘of three i 
molecules i in Reel if we suppose | it to proceed along . 
f these Pera might therefore Ca “equal pro- 
‘priety. be used to describe the new plane ; ‘and it 
“would be indifferent, as far as the descriptive charac- i 
“ter of the symbol is regarded, which of the two - we 
should adopt. | 
Hi The rule which it will be more convenient to fol- 
“Tow, 1 is, to suppose all planes on the terminal edges of @ 


prisms, to be produced. by decrements proceeding v 


along. the terminal planes ; and the planes replacing 
the lateral edges of prisms, and the edges of all the 
“other classes of primary forms, may be entsiye to 
“result from decrements proceeding along ‘those planes : 
“jn the direction of which the greatest number of @ 
molecules appear to have been abstracted. And any 
intermediary decrement may be conceived to proces | 
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along that plane in the directions of whose edges 'the 
greatest number of molecules have been abstracted. | 

It) may not be useless:'to remark, that whenstwo-or 
more planes; replace the solid angle: ofa crystal, if 
amedge at which the; secondary planes intersect each 
- other ‘be |parallel to ‘the edge: at» which one. of them 
intersects the primary plane, they will, generally-both 
result from simple:or:mixed. decrements. |. 

Intermediary decrements however: sometimes pro- 
ducea:series of»planes whose intersecting edges. are 
parallel to»eachother,:and when this bepyialiny the 
symbols of those planes will have two of their corre- 
sponding indices in the same ratio to each other. 

‘Thesedges of such. secondary planes as replace the 
fad der of crystals, and which result from simple or 
mixed decrements, are always parallel. 

From what has been already stated it will: appear, 
that if we are about to describe.a secondary crystal, 
belonging to any species of mineral whose: primary 
form is ‘known, and upon several of whose»edges, ‘or 

angles, similar: decrements have produced: similar 
planes, it will be sufficient, generally; to describe one 
only. of| the new planes, ere upon one of those 
acues or angles. - : 

And if two or more laws of: edcoph cal have con- 
curred in the production of any secondary crystal; ‘we 
should be required, generally, ‘to ‘describe only one 
of the planes produced by each particular law. «For 
the change of figure which any: primary form: has 
undergone would be, generally, thusindicated. And 
in drawing the crystal we might construct ‘planes, 
similar to those’ which are described, upon “all: its 
similar-edges-or angles. 

; ad. Bee 2: 
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As it sometimes, however, occurs that all the simi- 
lar’ edges or angles of crystals are not similarly 
modified, it will not be sufficient in all cases to indi- 
cate the decrement which has taken place on one 
edge or angle, but our,representative symbol should 
dled indicate the absence of the modifying plane from 
some other edge or angle, where according to the 
law of symmetry, it might be expected to appear. 

This necessity of distinguishing the symmetrical — 
modifications of crystals, from those which are not 
so, will render the symbols rather more complicated 
than they would he otherwise. vs Ruse 


The new theory of molecules which has been in- ' 
troduced into this treatise, will render it necessary to 
vary the character of some of the symbols employed 
by the Abbé Haiiy in reference to the tetrahedron, to 
all the classes of octahedrons, and to the rhombic 
dodecahedron; and as these changes will occasion _ 
some other slight deviations from his system of no- | 
tation, it will conduce to perspicuity if we consider 
the application of the symbols to each of the classes 
of the primary forms separately. This will be done — 
in a table subjoined to this section, where the order _ 
of the primary forms will. correspond with that | 
adopted in the tables of modifications. 

The general nature of this system of notation vial) 
be best illustrated by its application to one of the 
least regular of the primary forms. . 

Let us suppose that we are about to represent a 
secondary crystal belonging to the class of doubly | 
oblique prisms, according to the theory of decre- 
ments, and by means of the symbolic letters already | 


alluded to, the primary form being known, and the 


law of decrement by which the secondary plane has — 
been produced, having been also ascertained. 
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The crystal is supposed. to. beheld. with the,plane 
-marked P, horizontal, and with that,edge, or,angle. .. 
nearest to the eye on which.the decrement we. are. 
about to describe has taken places ssi). oe) 
Let us suppose this crystal to be modified, sna an 
individual plane, :belonging to. the series of modifi- 
cations of that figure comprehended under. class:0. 
The planes belonging to this class of modifications, . 
may incline. more or. less on either of the: adjacent 
primary planes, and may result from a decrement on © 
_either.of the adjacent plane angles which constitute © 
the solid angle on which O is placed. ef 
_. Ifthe modifying plane be produced by a sistnloa or 
mixed decrement, beginning at the ‘angle O, and 
proceeding along the terminal. plane, deoajncieg of 
one’/row of single molecules, it should be expressed 
thus, O, and be read, one over O, signifying that the 
abstraction of molecules from the superimposed plates * 
took place above, or receding from O, in the direction’ 
O A.” If the decrement be simple, and by two rows’ ~ 
of molecules in breadth, it would be expressed: by 1 
0, and if it be a mixed decrement by three TOWSs io 


breath and two in height, it would be’ denoted by O; - 
and ‘go of. any “other decrement ae, in rend di- e 
rection. aoe 
If ‘the modifying plane be occasioned ay a apd 
or mixed déérement, beginning at the angle of the “ 
plane M adjacent to O, and proceeding along the”. 
plane M, by p rows of niofectiled!"} signifying any 
whole number or Jraction, it weil! be denoted | Py ts 
?O, and be read p on the left of O. 
_ If the new plane were produced by a. simple: or 
mixed decrement by p rows on the angle of the plane ~ 
a, adjacent to 0, and proceeding along that plane, it sp 
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would be denoted tat? O”, and be read p on ‘the right 


of O. 


“In either of the preceding cases, the intersection of 


the new plane with the primary plane along which 
the decrement is conceived to proceed, bon as we 
have already seen, be parallel to the diagonal of that 
plane. 

Let us now suppose an intermediary decrement to 
have taken place on the angle O, of such a nature, 
that the mass of molecules cibat ated should belong 


‘toa double plate, or be two molecules in height, or 


as it might be otherwise expressed, 2 molecules in 
the direction of the edge H, 3 in the direction of the 
edge D, and 4 in the dieedttion of the edge F. 


The appropriate symbol to denote vial a deen 


ment, ought obviously to represent this threefold 
character; which it does by combining the indices 
expressive of the particular law of decrement, with 
the letters which represent the edges and angles af- 
fected by it, in this manner, (D3.H2 F4). This 
symbol is placed in a parenthesis to distinguish it 
from a combination of three simple or mixed. decre- 


ments, and it would be read thus, 3 on the edge D, : 


2 on the edge H, 4 on the edge F.* © 


df séhthad of the angle marked by O, we now. | 


imagine the solid angle on which A is placed to be 
modified simlarly to that denoted by O; before we 
describe the modifications of A, the crystal is con- 
ceived babe turned round, until the angle on which 


¥ This mode of representin intermediar doramenks teed eM i that 
p & Ef 


adopted by the Abbé Haiiy, in referring the decrement to the adjacent 


edges; whereas he refers them to two edges and the angle they include. 


But the form of the symbol here given will best accord with the results 
obtained by the methods of calculating the laws’ of decrements which 
will be given in the Appendix. ° ‘_ 


< 
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A. is placed is nearest to the eye; or we may be sup- 
posed to pass round the crystal, until we place our- 
selves opposite the angle at A; and while the eye and 
that angle are in these relative positions, we should 
proceed to describe the new planes, as we did those 
on the solid angle at O. | fee 

If two or more planes, resulting from simple or 
mixed decrements, are found modifying the same 
solid angle of any crystal, the symbols representing 
them are to be placed immediately following each 
other. Thus if the three planes we have supposed on» 
the: angle O, should occur on thé same crystal, its 


change of figure would be thus represented, 


0 00. 


These symbols not being placed in a parenthesis, are 


understood to represent three separate planes. 
If three intermediary decrements should occur on 
the same solid angle, their symbols would also be: 


placed following each other, thus, 


(D3 H2 F4) (D1 H3 F2) (D4. H1 F3), 


_ flere, each of the three sets of characters being 


_ included within a separate parenthesis, three varieties 


of intermediary decrement are implied ; and as they 


stand singly, it is implied that they are independent of 
each other; and they are evidently produced by dif- 


Serent laws of decrement. 


_ Let us now suppose we are about to describe a: 


decrement on a terminal edge of a doubly oblique 


prism. The prism is again supposed to be placed or 
held with that edge nearest to us, the plane P con- 


_tinuing horizontal. . 


And first let us suppose a terminal edge F to be 


replaced by a plane resulting from a decrement by.p 
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rows of molecules proceeding along the plane Pp, 
meaning, as before, any whole number or | fraction 


The symbol to denote this decrement, would be F, 
and be read as before, p over F. 

“If the decrement be supposed to have procecded 
along the plane T by three rows of molecules, as In 
figure 303, the general oor used to represent the 


new plane would still be I, but p would in this case 
represent the fraction 3, aid the particular symbol 


would be f 3 

If we suppose p to be a fraction, it is evident from 
what has been already stated, that the numerator of that 
fraction may be either greater or less than the denomi-— 
nator, according as the decrement in breadth exceeds ¢ or 
falls short of that in height. 

If either of the other terminal edges Be modified, 
the modified edge is supposed to be the nearest to 
the eye, when the modifying plane is described. 

This change of position must be understood to — 
take place in every instance where the position of 
the modified edge or angle requires it. 

If two dissimilar planes occur on. the same terminal 


Ve of a crystal, the symbol is repeated thus F F, 
which expresses the coexistence of ne two ss ta on 
one edge. 

If the lateral edge H of a dédbly abtique! prism he 
modified, and if it aes been found that the decrement 
producing it has proceeded along the plane M, by p 
rows of molecules, its characteristic symbol Ryoube be 
PH, andit would be read.p on the left of H. 

If the decrement appears to in abebenweihe along 
the plane T by prows of molecules, its symbol would 
be H?, or p on the right of £1; p being either a 
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whole number or fraction, expressive of the particu- 
lar law of decrement, in reference to each plane 
respectively, as it.is supposed to have been ascer- 
tained by calculation. 

_ Ifthe two planes occur on the same crystal, they 
would be denoted by the two symbols being used to- 
gether, thus, "H H?. 

If it should be required to describe any diceaaent 
acting upon an edge or angle of the lowest plane of 
the install upon whibh the small letters are supposed 
to be placed, the crystal is imagined to be turned 
with that plane upwards, the edge or angle on which 
the decrement has taken place is to be brought the 
_ nearest to the eye, and we are then to describe the 
plane or planes in the manner already directed, only 
_ using the small letter, instead of the capital, to indi- 
cate the edge or angle which is modified. And if it 
should be necessary to describe a decrement upon 
the back planes of the crystal, we are supposed to 
_ pass round it, and to substitute small letters in the 
symbol for the capitals which designate the. cor- 
responding front planes. 


The preceding explanations will render sufficiently 

intelligible the general method of representing the — 
secondary planes of crystals by means of symbolic 
characters. Before we proceed, however, to apply 
this method to the different classes of primary forms, 
it will be necessary to separate the secondary forms 
of the crystals to be ri SREMRER ely into three principal 
classes. Hs | | 


- 1. Those which are strictly symmetrical, as modifi- 
cation a, b, c, d, e, or f, of the cube, where. 
» similar decrements take place on similar edges 
or angles, and proceed along similar planes. 
2H 
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.. 2, Those which are partially modified, or on which 
_ the same modification does not occur on all 
_ the similar edges or angles ; as in modification 
g,h,i,k, ofthe cube. . — | Wh ee 
These may be termed defective modifications, 
and they may be again subdivided into two 
- portions. | Py ae AGT any 
_a. Those in which an edge or angle is replaced 
_ by only half the number of planes which the 
law of symmetry would require. 
b. Those in which only one of two similar edges 
or angles is modified, while the other remains 
7 entire. | ree Abveah. atts 
3. Those in which two or more similar edges or 
| angles are affected by different laws of decrement. 
And the symbols, to be perfect, ought to represent | 
each of these divisions clearly and perspicuously. . . 


_. In the table subjoined to this section, which will 
point out the relation of the theory of decrements to 
the different classes of modifications, » the various 
modes of adopting the symbols to particular cases will 
be fully explained. Whence it will not be necessary 
here to give more than an outline of the general 
principle which will regulate their application. 


. To represent the secondary forms belonging to the 
first. of these divisions, it may not appear strictly 
necessary to do more than indicate the character of a 
single plane belonging to any set of similar planes 
occurring upon the same crystal; but it may tend to 
prevent ambiguity if we construct our symbol so as © 
to indicate that the secondary planes occur. sym- 
metrically on certain edges or angles of the crystal. 

- We may here remark, that the sets»of planes which, 
in the tables of modifications, replace the solid angles — 
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of the cube, tetrahedron, and rhomboid, and rest, as 
it is said, upon the planes of those primary forms, are 
distinguished from those which are said to rest upon 
their edges. But in reference to the theory of decre- 
ments, both these sets of planes are similar in character, 
and result from simple or mixed decrements on an angle 
of the primary form. 

The planes which are said to rest upon the primary 
planes, are produced by decrements: in which the 
number of molecules abstracted in breadth, is greater 
than the number in height, while those which are said 
_ to rest upon the edges, result from.decrements where- 
in the number in height exceeds the number in breadth. 
The numbers or fractions expressing the first of these 
sets will be always greater than unity, as 2, 3, 4, 2, 4, 
_ &c.; those expressive of the latter set, will be al- 
ways less than unity, as 4,3, $4, &c.; and the planes 
ia this latter case are conceived to be carried, as it 
were, over the solid angle, and made to replace a. 
portion of the adjacent edge. 


The Cube. 


ig. 303. 


A 


. Let us ifow ‘suppose a cubic crystal, modified on 
the angles by three planes belonging to class } of the 
modifications of that form; and let us suppose that 
the modifying planes result from a decrement by two 
rows in breadth on the angles of the cube. The sym- 


bol denoting these planes would be oA? , and if this 
2u2 
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be unaccompanied by any other symbol, it would be 
unplied that all the solid angles were similarly mo- 
died. The symbol representing class OC) might be 


; Lt1 


TAZ. 

The planes of modification a of the cube might be 
denoted thus, A, but for the sake of uniformity. with 
the pregening st Leh they will be eRe by — 


the symbol tAY, . 

The planes belonging to class 7 of the cube, do not 
differ from those belonging to class d, except in being _ 
three single similar planes, instead of three pairs at 
similar planes, i as there are in class d. To distinguish 
class d therefore, by its symbol, it will be requisite 
that the symbol should represent one of the pairs of. b 
planes, and not merely a single plane, as might have : 
been sufficient if class i had not existed. sa 

Suppose an ‘individual modification | belonging to 
class d is to be denoted, and if the decrement pro- 
ducing it be by three rnb naa on the edge By one 
on the edge B’,* and two in height on the angle Ay the 
symbol ould be 

(B3 B”2 B11: B1 B’2 B’3), 

which would imply a pair of planes resting on the 
plane P. And the two symbols being both included - 
within a parenthesis, and separated from each other 
by two dots, implies that both the planes represented — 
result from the same law of decrement, but mde an a 
two different directions. 
_ If two similar planes belonging to class Sf of the 
cube, resulting from a decrement by three rows in 
breadth, PeEUE on all the edges of a cubic crystal, the 


symbol B will be used to denote their existence on 
one of the edges; and their existence‘on the other 


~ 


* B’, BY, &c. is read B dash, B two dash, &c. 
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edges is implied, unless their absence be denoted by 
the characters which will be. presently. giyen and ex- 
plained. This symbol implies that the edge B is 
replaced by two planes, one of which results from a 
decrement by three rows in breadth proceeding along 
the terminal plane, and the other by three rows’ in 
breadth proceeding along’ the lateral plane. The 


symbol B might be sufficient to denote the planes of 
modification e, but fur the sake of conformity with 
= Deg system of notation, it Should be written 


/When 1 the lateral elise of a prism is modified by 
two similar planes, the symbol representing them 
will be "G?. The G standing single, sbi ie that 
the symbol refers to a single edge... 

The planes belonging to Andy d of the modifications 
of the right rectangular prism, may be readily con- 
ceived to result Eres decrements proceeding along 
either of the planes M or T. If along the plane M, 
the symbol would be G” 'G; but’ ifthe decrement 
be supposed to have tia along’ t the si T, 
its sgh yeh or be ?G’ GN | 


The Tetrabeitron BO 
Fig, 304, se 


Simple and mixed decrements on the angles of the 
tetrahedron producing planes belonging to class 4, 
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are supposed’ to’ proceed along the plane P; and the | 
symbol ve which they’ are to be repr esented is 

3 Rye) foe | 
bp oe ’ , 

The sila representing a _ pair of planes of any 
ahh ii modification Deronighes to class d would be | 

(Bp B B’r : Bp Br B"g) 

The ideas of this primary form are neither per- 
pendicular. nor horizontal, and the decrements by — 
which they become modi might therefore be ex~ 
pressed by the symbols which represent the modifi-. 
cations Spon either the terminal or lateral edges of 
prisms. But, as, the. edges. of: the tetrahedron are © 
more analagous to the Acterals than to the terminal — 
edges of prisms, the symbol PB? will be used to de- — 
note the modifying planes belonging to class f.. ; 


The Octahedrons. 
“The laws ace enon which eition the modify- , 
ing planes. of the. octahedrons, are, according to the 
Abbé Haiiy’s theory, supposed to take place on parals 
lelopipeds, which would be formed by adding two 
tetrahedrons to two opposite planes of the octahedron. | 
In the appendix to this treatise, rules will be given 3 
for determining directly the laws of decrement on the 
octahedrons, independently of these added tetra- 
hedrons. And the symbols representing the secondary 
planes will therefore vary trom those adopted by the 
Abbé Haiiy. 
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base regular Octahedron. Psd sory | 


The simple and mixed decrements on ; ibe angles, 
which would produce the planes tiesto to class b, 


_ may be represented by the symbol PAP, which im- 
plies that similar planes occur on the three adjacent 
angles, and consequently on the fourth. 
The intermediary decrements are of two kinds, 
7 1. Those which produce the planes ‘compre- 
a hended under class c. _~ 
: The general Rae to represent, these would 
iy bee (Bp B'q b'q br). eS | 
_ 2, Those which produce | the planes compre: 
hended under class d. ) 
The general symbol to represent these sone 
: be (Bp B’q b’r bs” : Bp BY bg Me 
i These symbols denote the abstraction of 9; r, ¢ ‘or 
Ss; molecules from some of the’ edges B, PB’, g and b, 
in the production of the planes Helonging to classes 


c, or d. 
te , : yr , Lint PY ot ‘ . ‘ 


The Rhombic. Dodecahedron. 


_ The modifications on the edges of this primary 
form may be denoted. by the general. symbol, ?B?. 
‘Those on athe acute solid angles. may. be, represented 
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by symbols Analogous in | character es those used for | 
the octahedron. ns 

The ispailbei iba onthe. oboe solid angles may 
be represented by symbols resembling in character 
those used for the tetrahedron, 


The Rhomboid. 


The modification on the superior edges may be | 
represented by the general symbol ?B”, and those on . 
the inferior edges: by the general sbinbal PD?. 

‘The modifications a, b, c, d, may be represented by 
symbols of the same character as those adopted for 
the tetrahedr on. 

The remaining modifications, on the eines solid 
angles, may very obviously be conceived to result 
from decrements upon either the angles at E, or 
the angle at O. For if we refer to any of the Hey 
cations from e to k, we may perceive that the planes 
which replace the angles at E, are similar to, those — 
which replace the. snes at O,. jit are in an inverted 
position. It is rerapen! Thaiferent as far as the _ 
representative character of the a is concerned, 
whether we refer the planes belonging to any of those ; 
modifications, to the angle at E or at O. In either 
case, the symbols will be. similar in character to those 
which.relate. to the. solid. angles of some other paral- 
lelopipeds. 

In the following tele: both these classes of sym- 
bols will be again alluded to, and their differences 
pointed out in’ reference to several of the classes of 
modifications. . 


In the dedestel whieh we have given of the came . 
cation of Symbols to' represent the secondary forms of 
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crystals, we have supposed ‘those forms to have been 

strictly symmetrical, or to have resulted from similar 
- modifications on all she similar cages or-angles of the 
primary form. 

It remains now to point out the methods of dis- 
tinguishing by appropriate symbols, those secondary 
eae in whith similar planes do not occur on all we 
similar primary edges and angles. | 
Ist. Let us consider the case where an angle or 
edge is only partially modified. See cube, fig. 303, 
= p. ‘O43. 

- In class 7 of the modifications of the cube, the solid 
angles are replaced by only three planes, which are 
found to: correspond with the alternate planes of 
‘class d. 
~ But the symbol representing class d, is such ag to 
7 imply that there are three pairs of EOE on each 
solid angle. We should therefore construct the sym=* 
bol higliy is to represent class 7, so as to indicate the 
existence of only three single planes on each solid 
angle; and it should aahete the relative positions of 
| the analagous planes on the solid angles at A’, and 
at A. 

The three planes at A’ may be represented by the 
following symbol, in. which q iS supposed to be 
_ greater vos Ee; i ' 
| (B’a Bp Bl) (BM, By Br)(B’r Bp Ba). 

And the three planes at A by the following ; 

(By Bp BY)( Bla Bp Br)(B'q Bp B’",), 

‘If these symbols be attentively regarded; they will 
be observed to express the’ yélative positions of the 
corresponding planes’ on each’ of the solid angles. 
And by substituting in them’b and b’ for B kid B’, 
‘the planes on the lower solid angles might also be 
represented, and bein the entire figure would be 
implied. 

21 
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“The planes belonging to class k, which may be said 
to modify the edges a ete may be thus denoted. 


B pb RB”? PB! , 
‘Theindex not being repeated below, and on both sides 
of the letters B, &c. affords an indication that the planes 


are single upon each edge; in which reepent only, | 
does class k differ from class Le 


2, Let us suppose some angles or edges of a crystal — 
to be modified, while others, which are similar, re- _ 
main entire. | 

From what has preceded, it will be apparent, that 
the character representing these differences may be 4 
generally conferred on the symbol, by introducing 
into it the letters which denote the unmodified edges _ 
or angles, and by substituting cyphers 1 in appropriate — 
positions near those letters, for the indices of the 
symmetrical modifying planes. 

An example derived from the defective modifica- 
tions of the cube, will sufficiently illustrate the cha- 
racters of these particular forms of symbols ; and in 
the following tables they will be further explained 

in reference to the different classes of primary forms | 
in which irregular secondary forms occur. 

The angles of the lower plane of the cube, cor- 
responding with those marked A and A’ of the upper 
plane, are, as it has been already stated, supposed 
to be denoted by a anda’. The planes belonging to 
class h may be represento by the following svmbol. 

. PAP Alo. PAP %2, 
“This implies the occurrence of the iS caitaine planes 
on the alternate solid angles only. 

If, as it sometimes happens, one of the tarsal 
solid angles of a rhomboid is replaced by a tangent 
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plane, while the other remains entire, the symbol 

_ representing the change of figure would be 

' 1A 1%. 
1 Oe. 

8. When different decrements take place on two 
similar angles or edges, the number expressing the 
law of one of them may be represented by p, and the 
number representing the law of the other, may be 
substituted for the o, by which we have proposed to 
denote the unmodified angles or edges. Thus, if one 
terminal solid angle of a rhomboid were replaced by 
a tangent plane, and the other by three planes be- 
longing to class 5, resulting from a decrement by twe 
rows in breadth, the symbol would become 

ee Cait: 

It will be convenient when we describe the second- 
ary forms of crystals by means of these symbols, to 
observe some certain order in their arrangement into 
what may be termed the theoretical image of the 

erystal, The Abbé Haty places the symbols re- 
_ presenting the lateral edges of prisms, first; then 
‘those which represent the terminal edges; and lastly, 
those which represent the solid angles. As it is evi- 
dently indifferent whether they be taken in this order 
or in any other, as far as their descriptive character 
is concerned, I shall observe the same order of ar- 
rangement that he has given; although if that had 
not been established, I should have reversed it, for 
the sake of conformity with the order in which the 
modifications are placed in the tables. 

The Abbé Haiiy has also proposed to designate the 
secondary planes by small letters, and to place these 
under the respective symbols of the planes they refer 
to. And in order to render the character of the sym- 
bol more complete, he repeats the letters which 
_ designate the primary planes, among those which 
212 
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denote the foarte it ones, as in the Botlowing? ex-' 
ample. ! ) v1 

Thus, if a right rhdabic prism should he found 
containing the modifying planes belonging to the 
classes a, c, ¢, A, and g, and also containing the pri- 
mary planes, the repre esentative Sy mabe might be this. 


GoM Hw BAP 

Ae nae) not Sana eas ae Sa 

“Here the laws of decrement producing the second- 

ary planes are represented by: the’ upper series of 

characters ; and the lower series consists of the let- 

ters which are placed on the figure of the crystal, to 
distinguish the secondary planes. — . 


ON THE RELATION. OF THE LAWS OF 
» DECREMENT'TO THE DIFFERENT» 
») “CLASSES OF MODIFICATIONS. °! 


Tue following tables, which exhibit these relations, 
will illustrate fully the uses’ of the symbols we have 
just described. 4 

_ It may be remarked, ‘that the letters np on ye 
figures of the primary forms contained in these tables, 
fliffer from those which stand on the corresponding 
primary forms placed at the heads of the several 
tables of modifications; and that some new letters 
have also been added to them. 

These changes have been introduced for the pur- 
pose of indicating more explicitly, by means of sym- 
bols, the changes of figure which any modified pri- 
mary form may have undergone. | 

The letters p, g, 7, s, are used as the general indices 
of the different classes of modifying planes, and thus 
represent any numbers whatever; but they will re- 
present different numbers, in relation to the different 
individual planes belonging to each of the classes. 

When these letters are used asthe indices of the , 
_ modifying planes produced. by, intermediary decre- 
ments, they represent whole numbers only. But. when 
_ p denotes the law of a simple or mixed decrement, it 

may represent any whole number or fraction. 
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This whole number or fraction may be either | 
greater than 1, which may be thus denoted p >1; 
equal tol, . in FSi cope gevcohce ta Seghs 
or less than 1, Lithia. baler annette alk 
The mark Ma shotiivins spr biiter than, 
Seth ig MOOS ema toy 
» .. + less than. | 
The letter p will generally be used to denote the — 
greater edge of the defect, the letter g the next, and — 
y the least, when there are only three edges to be — 
denoted. But when the symbol represents a modifi- 
cation on the solid angle of an octahedron, s is intro- 
duced to denote the fourth and least edge of the 
defect. Hence the relative values of p, g, 7, and s, — 


may be thus expressed, p > q> 17> S ~ 


- 


T. he Cube. 


Fig. 306. 


1. Symmetrical modifications. | 


Simple and mixed decrements on the angles, produce : 
the planes belonging to modifications a, 6, and c. 
The general symbol to represent these i is 


BAP. 
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Ifp > 1, class b is represented, and as the ‘value 
of p increases, the planes 5 
incline more and more on bic 
primary planes. 

Re = 1, mod. ais represented. 

p <1, class c is represented, and as the value 
of p diminishes, the planes c 
incline more and more on the 
primary edges. 

Intermediary decrements produce the - planes be- 

_ longing to class d. 


The general symbol representing these, 1s 
(Bp Bq Bl": : Bg Bl Br). 


a 
% 


_ Decrements on the edges, produce the planes be- 
longing to the classes e and f. 


The general symbol representing these ts 


B 
) ‘i 
If p= 1, class e is represented. 


p > 1, class fis represented. 


2. Modifications not strictly conformable with the law 
of symmetry ; or, such as have been termed defective 
modifications. 


The following are e the symbols representing these 
classes. 


OAIO 1AL 2g 11 99° a° represents class ¢ 

PA PAP Pa %  ... class he 

(B’, Bp B’r)(B" Bp Br)( Br B"’p Ba) ae 
the planes at A’ belonging to ‘class i. 

(By Bp B’r)( Bg B’p Br)( B’q Bp Bi represents 


the planes at A belonging to the same class. 
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.,,.When the symbolic,character\is not. accompanied 
by a figure of the, crystal, both the preceding symbols ~ 
should be given; but when. there is a figure, it will 

be sufficient to use the second only. | 


" tr T 
Pp PR ) ees the ; a ae 
B._ By’ B’” ?B!" is the symbol representing class k. 


ei 3 The regular Tetrahedron. 


Fig. 307. 


Simple and mixed decrements on the angles. 
General symbol "AN | 


itp Sa, the sy nae he class b. 
Deets : -.«,.., mod. a. 


P<1 Ba Mieamtyen te te 


Intermediary decrements. 
‘General symbol, (Bp Ba B’t)(Bp Br BY) ‘repre- ‘ 


sents class d. 
Decremenis on theredges. 


General symbol, {Dis 


If p = 1, the symbol represents mod. e. 
PDO Oa natriod (ene GHA 
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The regular Octahedron. 


Simple and mixed decrements on the angles. 
General symbol, PA”. 
ye. 


If p = 1, the symbol represents mod. a. 
PEt iw attilinas: ok Lae class B. 


” 
Intermediary vecthents 
‘Are of two kinds, and require two general symbols. | 
Ist. (Bp 8’, b’q br) represents class c; 
2d. (Bp B’q bi: bs : Bp B’r b’g bs) represents class d. 


Decrements on the edges. 
General symbol, ?B?. 


If p = 1, the symbol represents mod. e. 
Bo A eh Tg la 


The planes belonging to classes a and k of the cube, 
sometimes occur on the same crystal, and when the 
_ planes a are much enlarged, the secondary form pre- 
sents the figure of the oe tahenvor modified by two 
only of the planes c of that figure. The secondary 
_ crystal may however be referred properly to the cube, 
so long as it retains any portion of the planes /. 


' 


Qk 
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The rhombic Dodecahedron. 
~ Fig. 309. 


Simple and mixed decrements on the obtuse solid angles. 


p 
General symbol ?A”, represents the classes e, f, & g. 
If p > 1, the ny FaBtRAge class f. 
fe irsoe hs ER PAR OG ee 


SO tues Mas CS oe LIAS EEE 


Intermediary decrements on the obtuse solid angles 
produce the planes of class h, which class may be 
generally represented thus : 

(By Ba B" : By Bp Bis). 


Simple and mixed decrements on the acute solid 
angles, produce the planes belonging to Cea a 
and 6b. : | 


General. symbol eke 


If p= 1, the aa represents mods a 
ores I Bisa g ag com) eee - +» class b, 


_ Intermediary decrements on the acute solid angle, 7, 


consist of two kinds, producing the planes of classes : 
cand d. | 
The general symbol representing class c, is 
(Bp B’y b’y br). 
The general symbol representing class d, is 
(Bp Ba b’: bs ° Bp BY b’q bs). 


MODIFICATIONS. |. . 259 


Decrements on tie edges, may be represented by the 
general symbol PB?, | 
If p = 1, the haey represents mod. i. 
Cl I TREE RENEE: IRN oe A BEEN 


Some of the secondary crystals of Blende are pro- 
duced by defective modifications of this primary form, 
and are such as might result from regular modifi-. 
cations of the tetrahedron. 


The Octahedron with a square base. 
Fig. 310. 


Simple and mixed decrements on the terminal edges. 
General symbol, PA’. \ 
P 


If p = 1, the symbol represents mod. a. 
SR ES aA oon Lt Oba e Oe 


Intermediary decrements on the terminal solid angles. 
These are of two kinds, and require two general 
symbols. 
Ist. (Bp B’q b’q-br) represents class c; 
2d. (Bp B’, b’* bs : Bp Br b’g bs) represents class d. 
_ Simple or mixed decrements on the lateral angles. 
General symbol ?E?. 
If p = 1, the symbol represents class e. 
pidge Haig? WI gh oh ales yn 
2K 2 
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» Intermediary decrements on the lateral solid angles. 


These are of three Lapis, and require three general ct 


symbols. 
Ist. (Bp Dq D% Br) represents classy 
2d. (Dp Bq Bq D'r) . . « Class gs: 


aon: (Bp hha Di; B's: Bp D: D', B"s) represents 
class i when p > 4: 
'The same symbol represents class k when p < q 


~ Decrements on the edges ch the pyramids. 


~ General symbol ?B?. 
If p = 1, the symbol represents mod. l. 


p>], Min epekat Racin vigor arin pe 
Deerements¢ on the edges of the base. 


General symbol D 


Mig =.1 the symbol represents wae. n. 
D> Lyles. pie ices eg og eee Oe 


The Octahedron with a rectangular base. 


Fig. S11. | 


Simple and nied decrements on the terminal ang aie of 
the planes P. 3 


General symbol P. 
Ifp <1, the symbol represents rapdi; a. 


ply. os ae - class b. 
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\ 


a i and mixed decrements on the terminal angles of : 
planes M. | 
cones al symbol FA*. 
_Ifp=1, mod. a is again represented, because 
~ plane a results from a decre- 
ment by one row on all the ter- 

‘minal angles. 

p > 1, class c is iia eanyy ky 


Intermediary decrements on the terminal solid angles. 
General symbol (Bp B’q b’r bs) represents class d. 


al and mixed decrements on the’ iis he 5 de hi of 
the plane P.. 
- General symbol E” °E. 
IE pi ly the ayo represents mod. e. 
ome ghee ULE A ADORE CUES Te 


Simple and ted decrements on the lateral angles of 
the plane M. 
General symbol ?E’ E?. 
If p = 1, mod. is again represented. 
p > 1, class 7 is represented. 


Intermediary decrements on the lateral solid angles. 
_ These are of two kinds. 
1, Such as produce the single planes on each 
angle, which are comprehended under class 
g, or class f. 7 
The general symbol is (Dp Bq Bq Fr). 
If p ps r, the symbol erent class f. 
Rae are Sea Mae vo nn CLASS 


2. Such as produce two planes on each angle 
belonging to class k. 

; General symbol (Dp Bq B’r Fs.) 

In this symbol, the particular values of either of 
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the indices may be greater or less than either of 
the others, in re famnen: to particular inodityitaa 
planes. | 


Decrements on the terminal edges. 


The planes produced by these decrements are all — 
comprehended under class 4, although they may be | 
said to consist of three varieties. . 

Ist. When the decrements proceed along the — 

, plane 1 ot ; 

94. When the edge at which the planes T inter- — 

sect each athbe at the base, is parallel toa — 
diagonal of that base. | 

Sd. When the decrements proceed along the eBiane | 

M. 

The general symbol of the Ist, is B” °B. 

24,— ‘BB.  , 
Sd, — ?B’ Be. 


Decrements upon the edge D of the base. 


General symbol D. 
If p = 1, the symbol represents mod. m. 
Pe re Pk aU élass n. 
| Decrements — edge F of the base. 
General symbol ea | 


if p= — 1, the tuna represents mod, 0. 
hey wien Loderge 9 lis 4 hase ME 
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The Octahedron with a rhombic base. 


Fig. 312. 


a . ! J 
Simple and mixed decrements on the terminal angles. 
General symbol PA?, 


P ! 
Ifp = |, the symbol represents mod. a, 
PAP AG oboe oo Ress class) Wd: 


Intermediary decrements on the terminal solid angles. 
These are of four kinds, and require four general 
ee 
We suppose the edges of fre! upper pyramid, which 


are opposite to those marked. with B and C, to be 
denoted by b and c. 


Class b is represented by (Cp Bq bp er). 
Class ¢ cn oP I OSE CBE GPA TB Ae 
Classe: ip acca (Cp Ba br es : Cp Br bq Cs). 
Class f.°. . (Bp Cqcrbs : Bp Cr eq bs). 


Simple and mixed decrements on the angle Eat the base. 
General symbol ?E?. 


If p = 1, the symbol represents mod, n. 
Disk ee a e .. claae ae 
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Intermediary decrements on the acute solid angle at E, 


These are of four kinds, and require four general 
symbols. . “4 
Class o is represented by (Bp dq Da B’r). 
CLAS os ake op tk (Dp Ba, Bq d’r). 
Classr . . (By Dq d'r B's : By d’q Dr B's). 
Class Se ani ae (Dp B'g Br d's : Dp Br Bq d's). 


Simple and mized decrements on the angle | at the base. 


General symbol ?I°.. 
If p = 1, the symbol represents mod. g 


acevo at Mane 


Intermediary decrements on the obtuse solid angle at I. 


These are of four kinds, and require four general % 
symbols. if | 
Class h is represented by (Cp Dq D'q C'r). 
Classe eek ~ (Dp Cq Clq D'r). ; 
Class l Choliahah (Cp Da D's O's : Cp D'q Dr C's). 
Class Mm 2. .e (Dp Ca Cr D's : Dp Cy Cr D's). 


_Decrements on the acute terminal edges. 


General symbol *B?. 
If p = I, the symbol represents mod. 0. 


py ly oe diy. Bodie aoe class X. 


Decrements. on the obtuse terminal edges. , 
General symbol ?C’. 
- Ifp = 1, the symbol represents mod. t. 
Pe ee ee ee ae class w. 


_ Decrements on the edges of the base. 


General symbol D. 


If p = 1, the aienbol a mod. ¥- i 
en eae he oS hee ae . 
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The right Square Prism. 


Fig. 313. _ 


eerie and mixed decrements on the terminal angles. 


, General symbol A, represents class a generally. 
(In this symbol p may be > 1, 
[1 eee oengh WO ae 
AiR Deis 
If P= = I, an individual plane belonging to the 
bik class is represented, whose three 
_ edges would be respectively parallel 
to the diagonals of the adjacent pri- 
mary planes. This plane may, from 
its station in the series, be denomi- 
nated the middle plane. 
p > |, the planes represented would incline 
more on P than the middle plane does. 
p <1, the planes represented would ‘incline 
more on the edge G. : 


Simple and mixed decrements on the lateral angles. 


General symbol ?A?, p being Pals 

_ This symbol represents a series of planes belonging 
to class b, whose intersections with the planes M and 
M’, are parallel to the diagonals of those planes. 


ridge 
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Intermediary decrements. 


General symbol (Bp Gq Br : Br Gq B’p), repre-— 
sents the remainder of the series of planes belonging ~ 
to class b. Gibts'.' 


Decrements on the terminal edges. 


_ General symbol B. 
If p = 1, an individual plane belonging to class c : 
ig represented, which may be termed — 
the middle plane of the series com- ~ 
if prehended under that class; and it ‘ 
would intersect the lateral planes in — 
lines parallel to one of their diagonals. — 
>I, the symbol would represent that part — 
of the series of class c, which inclines ~ 
more on the terminal plane than the — 
middle plane does. 

p< 1, the same symbol would represent that 
part of the series which inclines more. 
on the lateral plane than the middle i 
plane does. | 


Decrements on the lateral edges. 
_ General symbol PG? | 
_. Ifp = 1, mod. dis represented. 
p> 1, class ¢ is represented, 
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The right Rectangular Prism. 


Decrements on the angles. 


| _ The planes belonging to class a, comprehend the 
following varieties. 


Ist. Those which result from simple and mixed 
decrements on the 


terminal angles, of which the general symbols is A. 
angles of planeM, . © es - s + + + > vie 
angles ofplane T, . » + + + + 3 + + A’. 
If p = 1, in either of these symbols, the same 
individual plane belonging to the 
class is represented by each; the 
three edges of which are, respective- 
ly, parallel to the diagonals of the 
planes P Mand T. This may be 
termed the middle plane of the series. 
p > 1, the planes represented will incline on 
the plane P, or M, or T, more than 

the middle plane does. 
p <1, the plane represented will incline less 
on the respective primary planes than 

the middle plane does. 


Pgh Wile 
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2d. Those which result from intermediary decre= — 
ments, which may be represented by this 
general symbol, 
(Cp Ga Br). 
in which p, g, and 7, will vary relatively to 
each other as the decrements ee along — 
the plane P, M, or T: 


Decrements on the terminal edges. 


| e 

General symbols, C represents class b. 
ape 2 

Doel cn gs ORI 


14 Ton ae in either of these symbols, a middle 
plane will be represented belonging — 


to each class respectively. And the | 


planes of each class would respec- — 
tively incline more on the terminal, 
or on the lateral plane, than its cor- 
responding middle. plane does, as — 


pis >t, or <cd.. 


Decrements on the lateral edges, producing the planes 
4 of class d. 


These are of three kinds, and Pies three Poncral 
symbols. 
1. G °G, when the decrement proceeds along 
the plane M. 
2. °G’ G®, when the ipaigpoels! proceeds along | 
- the plane T. 
3. When p = 1, in either of the two preceding 
: ayiabols the middie plane of the series _ 
will be represented. | 
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The right Rhombic Prism. 
Fig. 315. 


rie and mixed decrements on the acute -terminal 
4 angles. 


General symbol E, represents class ¢, generally. 
‘If p=—1, the symbol represents the middle plane 
of the series. 
p > 1. or < 1, the planes represented incline 
more on plane P, or on the edge G, 
than the middle plane does. 


Simple and mixed decrements on the obtuse terminal 
angles. 
P. 
General symbol A represents class a generally. 


1 


A, represents the middle plane. 


Simple and mixed decrements on the lateral angles. 


1. On those adjacent to E. 

General symbol ?E”, represents one series of 
planes belonging to class d, which intersect 
the lateral planes parallel to one of their 
diagonals. 

2. On those adjacent to A, 

General symbol A’, represents a similar series 

of planes belusetie to class b. 


oer 


{ 
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Intermediary decrements on the aeute and obtuse solid 
angles. a 


General symbol (B’p Gq Br : B’x Gp By) repre- — 
sentsa further series of planes — | 
belonging to class d. Wi 

. (Bp Hq Br : Br Bq B'p) repre- uy 
sents a further series of planes 
belonging to class b. B 


e & @ e e 


Decrements on the terminal edges. 


a | % 
General symbol B, represents class e, generally. 
- I Bi) 


B, represents its middle plane. 
? { : % ia ‘fe 


Decrements on the lateral edges. — 


1. On the acute edges. | , ‘ 
, 1G! represents. mod. h. hi 

cd a seme Camm Tt ofc Ray 4 

9. On the obtuse edges. i 
1H! represents mod. f. 2 ¥ 
Pee ee Class &. h  & 


- The exposition which has been given, in reference 
to the preceding classes of primary forms, of the re-_ 
lations of the laws of decrement to the several classes _ 
of modifications, will, it is presumed, have been sufs 
ficiently full, to render more than an outline of those 
relations unnecessary, in reference to the classes of 
primary forms which are to follow. , ; 
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The right Oblique-angled ‘Prism. 


Fig. 316. 


_ Decrements on the acute solid angles, are all comprised 
within class b. 


1, Simple and mixed. 


E represents the middle plane. 
EK. . ° the planes which intersect the 
plane P parallel to a diagonal. 
PE. . . the planes. which in the same 
- manner intersect the plane T. 


BP Ye Bet, CAR ae Rea re ae Sea 
2. Intermediary. General symbol (Bp Gr Cq). 


Decrements on the obtuse solid angles are all comprised 
| within class a. 

The symbols representing the planes corresponding 
in character with those above described, are, 


> be >. 


Ab 
~ (Cp Hr Ba). 
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‘Decrements on the terminal edges. 
C, symbol of middle plane of class d. 

C, general symbol 


B, symbol of middle Peo Ba sae 
B, general symbol 


Decrements on the lateral edges. 
1G" symbol of middle plane 3 
f of class f. 


other planes 


1H! , . . ~~ =middle plane 
p : 
jo es es a vother planes. hor class €. 


The Oblique Rhombic Prism. 
Fig. 317. 


Decrements on the acute solid angles. 


1, Simple and mixed decrements on the angle A. 
p 
The general symbol A, represents class c. 


A represents the middle plane of that class. 
PA? represents part of the series of class d. 
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2. Intermediary. | ? 
(B’p ha Br :)Bp hq Br) represents another 
part of the series of class d. 
The corresponding decrements on the obtuse solid 


_ angles are, 
nt 


O. 


O. 
PQO?, 
(D'p Hq Dr ° D': Ha Dp»). 


 Decrements on the lateral solid angles, are all com- 
: prised within class e. 


1. Simple and mixed. 
ae represents the middle plane of the class. 


I. is the symbol, when the intersection of the 
planess e and P, is parallel to the oblique 
diagonal of P.— 

When the lateral planes are intersected 
by the planes e, paraliel to a diagonal, 
the symbol will be either ?E or EK’. 


2. Intermediary. General symbol (Bp Gq Dr). 


In this symbol the comparative values of p, q, 
and r, will vary according to the positions 
of the. planes represented. 


~ Decrements on the acute terminal edges. 
represents the middle plane of class g. 


B 
B is the general symbol of that class. 
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Par EE a ote she 


i Decrements on the obtuse terminal edges. 


D represents the nviddle- plane: of class PE cvevels a 
, y 
D is.the general symbol of that class. 


_Decrements ow the edges of ne prism. 


i, On the lateral edges ee Jest 
Se ies Co \Fepresenitt nadie Se CaP aft ft) 
Gs oud ahaa class 1. 
2. On the oblique edges HH. 
1H? represents mod. h. . 
s “op eo ete ge aOR fv wet 


The doubly Oblique Prism. 


Fig. 318, 


- Decrements on the solid angles. — 


¥ 


The planes comprehended | under ried a, may be 4 
BRPUERERSA by the following symbols, a ia 


O, when the decrement proceeds along the plane P. @ 
a ®O \ “ ha, ? ) S ° Hoe Fey ae oc ee Ms M. ey 
‘Met EGP) Pa He PAS a G'? 3 e e ° ° r ° T. 3 


e a e, CY ° 


(Dp Hy’ Fy) is intermediary. 
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The corresponding planes belonging to the other 
classes, may be represented as follows. 


Class b, A: Class c, 5 ~~ Class d, 1. 
pO | PE. a Oe 
i Rhea sia a ge Nh i Malls Gy 


(Bela Cr). (Bp Gu Ds)... Ga Co). 


Decrements on the edges may be expressed as follows. . 


p Li spoiet qe Olges tft PH. 
Class e, B. Class g, D. ai. HW. 
P rea 
Class f, C. Class h, F. Class k, ase 
cee 1 ips . vy 


Hexagonal. Prism. 


Fig. 319. 


Decrements on the angles, 


A A represents the middle plane of the series be- 


ad ese longing to class a. +e 
Pp ee at 
A... 2 ‘the other planes belonging to that 
“F aneiq SAE an class. 


ws PAP.) . . those planes belagetnn ‘6 ease b, 


i whose edges intersect the planes 
M parallel to a diagonal.» 


Qu 2 
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(Bp Gq Br : Br Gq B’p) represents those planes 
of class b which are produced by — 
intermediary decrements. 


B represents class c 
ban eae 7750s 4 


. PGP e e ® class €. 


In some crystals of phosphate of lime, the planes 
belonging to class 6 occur singly. If they result from — 
simple or mixed decrements, their symbol would be — 
°A? or PA®, according as they lie on the left or right — 
of the uiuNigedianele: And if they are prbdated by | 
intermediary decrements, their symbol might be 


(Bo Go B'o : Ba Gp Br.) 


The Rhomboid. 


i Fig. 320. 


Simple and mixed decrements on the superior angles. , 
General symbol Rit 


SIfp= = 1, the sy heres represents mod. a. 
Rerohib siliohlintthe i. 9 class’ b. 
DLs thot fe HRN rg icp CLG R te 
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es decrements on the superior angles. 


(Bp Ba Bl": ne th B’p B's) represents class d. 


- The inferior plane angle at O, and the lateral plane 
angle at K,, both belong to the ie solid angles, all 
of which are similar, Sree to the definitions 
already given. | 

_ The planes modifying the Ho at E are therefore 
) Rinilar to those modifying the angle at O, but are 
reversed in their position on the serial The laws 
of decrement producing both are consequently simi- 
lar. But if we refer the decrements producing the 
_ planes belonging to any of the classes e, f, 2, h, i, k, 

I, to the solid angle at E, the symbols representing 
them will differ from those which would represent 
_ the same planes, if we refer the decrement fo the solid 
angle at O. 

‘A single example will sufficiently illustrate: this 
observation. Let us imagine the lateral solid an gles of 

a rhomboid to be modified by two planes, sills inter- 
_ sect the primary planes parallel to their oblique diago- 
nals. -If the decrement producing these planes were 
referred to the angle at E, it would appear as a sim- 
‘ple or mixed decrement, and its symbol would be 
E” °K. But.if it be referred to the angle at O, it 
might be regarded eitheras.a simple or mixed, or as 
an intermediary decrement, of which latter the stinbel 
would be (D’p Dg b"p De D', bp). If we regard 
these symbols witha little attention, we shall per- 
ceive that the variation in their form, does not alter 
the identity of their character, which is derived from 
the parallelism of one edge of each of the secondary 
planes to an oblique diagonal of the primary. But 
- this character is implied in the supposition of a sim- 
ple or mixed decrement, which the “first symbol 
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represents; ole it is Rents indented in eam evel 
of the second symbol, by those indices which denote 
the abstraction of equal numbers of molecules in the : 
direction of the edges D'b’, and Db’, ye 

“The Abbé Haiiy has’ reir ed some of the planes 


which modify the lateral solid angles, to the angle at | 


f, und others to the angle at O. It Jani Puerto be 


convenient to possess the symbols representing those — 


planes, in reference to both angles, and they will 


accordingly be given below. . The symbol on. the left 


represents. the modification when the decrement is — 


referred to the angle at. QO, and that on the right — 


represents: the same enbalifention when the: igeenemens 
is. isha to the. angle at: B... - Ha} fol 


1. Simple a and Vented apipaa cla on “the laterab solid: 


angles. - 


iL Producing 0 one plane on each solid angle. Wy 


General symbols. 
Zn reference to angle C. | In reference to angle E. 
ck + Pema gypxcttia PF 
UT Joh | PTH gr Fg hist 


ifp= 2 qg, in either of these symbols, nod. € is 


represented, 


p<2m Rg g SN PPS lees ell 
re PLONE Mtisutlatto THRO Ee class k 


 E Producing two planes on each solid Sule! | 
General symbols. 
ve : 
(D? b Ee Dp b''p D‘q). 


_ These symbols. represent. the series of planes. be 
longing to class 66 


EP PE. 
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2. Intermediary dcerements on the lateral solid angles. 
The eencral sy mbols to represent the modifications 

4 | produced by these, are, 
Os bs Da : D’g b Dp). | (Dp D%q Br : Da Dy Br). 
off r= p, the symbol represents the planes be- 
in olen _ longing to class h, as described above, 


«9 >> p, the planes of class i.are represented. _ 
seo!) or <p, the planes of class 4, and class f, are 
: * # you? tas” represented. 64 gags 


‘Although these two classes are creetant ies a 
4 common dysio]} there is this distinction between 
‘them; that the edge produced by the intersection 
_/ ‘of the planes belonging to class f; is always paral- 
Jel to the vertical axis of the rhomboid, and that 
their indices p, 4, and 7, are in a constant ratio to 
each other, as will he shewn in the appendix ;, while 
the planes belonging to class / do not intersect 
each other par alist to the axis of the rhomboid, nor 
is there any constant ratio between their indices. 


hae 


- Decrements on the superior meee yh 
General:symbol *B’. 
If p= I, the symbol represents mod. m. 
Bah serge dy my Mai ya) oa) series a yee A eda ssi 


Decrements on the inferior edges. 
General symbol ?D?. | 
If p = 1, the symbol represents mod. 0. 
Pode se ne +e lass p. 


pe it may be remarked, that sever -al ‘of the classes of 
modifications on the angles of some of the primary 
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forms, comprise planes which are produced by very 
different laws of decrement. And it may_ possibly 
appear to some of my readers, that different classes 
ought to have been established for the planes pro-~ 
deel by the several varieties of laws. But this would — 
have rendered the tables of modifications less gene- 
rally applicable to the description of secondary forded | 
independently of the theory of decrements, than they 
are at present. This will become very obvious if we 
refer to the classes a, b,c, or d, of the modifications of — 

the doubly oblique prism. All that can be known ~ 
Of any individual plane belonging to either of these — 
classes, independently of calculation, is that it be-— 
longs to such a class, and inclines on two of the 
ida cant primary planes at particular angles; and’ this i 
enables us to record the particular platie! & 

If we refer to p. 274, we may perceive that the 
planes belonging to either of those classes might be | 
produced by four different kinds of decrement. 

Let.us suppose that we have observed a plane upon — 
a doubly oblique prism produced by one of those © 
decrements. As it replaces the solid angle O, we 
‘refer it without hesitation to our present class, a. : 

But if class a had been divided into four classes, 
we could not, without previous calculation, know to 
which of those the observed plane ought to be re- © 
ferred; and the measurement of the crystal would 
not in such case, enable us to describe the secondary 
form, by the assistance of the tables only. 

The symbols used in this volume to represent 
planes produced by intermediary decrements, contain 
indices which are always whole numbers ; whereas the © 
symbols used by the Abbe Haiiy to represent similar ~ 
planes, frequently contain fractional indices. 
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F 


There is, however, no real difference in the charac- 
ter conferred on the plane by the two methods of 
representing it. | bey vb des CC 
' The only difference between them consists in this ; 

the indices used in this volume simply give the cha- 
racter of the compound molecule by whose continual 
abstraction the new plane is produced, while the 
Abbé Haiiy’s symbol supposes this molecule com- 
pounded of séveral other compound molecules. 

This will be readily understood by a reference to 
the above figure, which we shall suppose a doubly 
oblique prism, with an intermediary decrement on 
the solid angle at O. Oink ‘ie 

Let de c represent a compound molecule consisting 
of three molecules in height, four in the direction a d, 
and six in the-direction be, and let us suppose this 
the molecule abstracted from the first plate super- 
imposed on the terminal plane, and let us also sup- 
pose that two of these would be abstracted from the 
second plate, and so on, as explained in p. 22 and 23. 

The edge d a, in the above figure, corresponds 
with the edge D of the primary form, be with F, and 
cf with H. 

The symbol we should use to represent the plane 
produced by this decrement, would be (D4 H3 F6), 

2N 
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but the Abbé Hatiy’s symbol would be (D2 O F3), | 
and would be understood to imply that the compound | 
molecules abstracted in the production of the new | 
plane, consisted of smaller'compound ones, each of 
these being three molecules in height, and two in 
breadth, repeated twice on the edge D, and three 
times on the edge F. 

From this exposition of the difference between the 
two symbols, it will be readily perceived that if in 
the Abbé Hatiy’s symbol, we substitute for the letter 
denoting the angle on which the decrement is con- 
ceived to take place, that which denotes the edge 
upon which the angle of the new plane may be said: 
to rest, and place the number used by him to express 
the decrement in height, which is in this case the 
denominator of his fraction, after it as its proper’ 
index; and if we multiply at the same time his other 
indices by the number he uses to express the decre-. 
ment in breadth, which is. in this case the numerator _ 
of his fraction; the new symbol will be similar in ~ 
character to those which are contained in this volume. 

This: method of converting the form of the one 
symbol into that of the other, may be considered 
general, and by reversing the process, the ‘symbols 
given in the preceding pages, may be converted into 
the form of those which he has used. 
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APPENDIX. 
—~ Poo 


CALCULATION OF THE LAWS OF 
DECREMENT. 


In the preceding sections, some general rules have 
been given for determining the class of primary forms 
to which any given secondary crystal belongs, and 
for describing the secondary crystal by means of the 
position of its secondary planes, and of the angles at 
which those planes respectively incline on ie pri- 
mary. 

‘The following is an outline of the method of apply- 
ing the theory of decrements to determine the rela- 
tions between the secondary and primary forms of 
 erystals.* 

_ The application of this theory will embrace the 

following problems. 


ie irst,—To determine the law of iadecwoeek by which 
any secondary plane is produced, the elements 
of the primary form being known, and the angles 
at which the secondary plane inclines on the 
adjacent primary planes, being also known. 


* The reader of this appendix is supposed to be acquainted with the 
elements of plane and spherical trigonometry, and with the use of the 
tables of logarithms. 
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Second,—To determine the angles at which ‘the 
secondary plane inclines upon the adjacent pri- 
mary planes, the elements of the primary form, 
and the law of decrement by which the alas we 
plane is produced, being known. 

Or, to determine the particular values of the gene- 
ral indices given in the tables at p. 254, the 
inclination of the secondary planes to the pri- ; 
mary being known ; and to determine those in= 
clinations when the indices are known. 2 


The elements of the several classes af primary y forms. 
consist of : 

Ist. The angles at which the primary planes in-- 
cline to. each ‘other, ‘These may, be ascertained by 
means of the goniometer, if not already known. 

9d. The plane-angles of the primary planes. Wher — 
these angles cannot be ascertained by other means, 
they may be deduced. by spherical trigonometry, from _ 
the known inclination of the primary planes to each — 
other. 

3d. The comparative lengths of the primary cides E 
and of such other lines upon or within any crystal — 
as may be required for facilitating our calculations of © 
the laws of decrement, or for delineating its primary e, 
or any of its secondary forms. ‘The methods of -de-. . 
ducing such of these elements as cannot be. ascer- 
tained by measurement of the crystal, will be des-.. 
cribed where the ‘elements of the several classes of 
primary forms are described. | 

In the tables at p. 254, &c. the letter p is used to re- 
present any whole number, or fraction. But it will be ; 
more convenient for our present purpose to represent — 
simple and mixed decrements by the general fractional 


index Pp, p expressing the decrements in breadth, and 


q the decrements in height. 
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' It has been already remarked, that one half the 
‘number: of planes by which any crystal is bounded, 
are generally shewn in front of the engraved figure 
of that crystal. And as we know that the opposite 
angles, edges, and planes, which are supposed to form 
the back: of the engraved figure, are respectively 
similar to those which appear: on its front, if the 
decrements ‘on these be described, the decrements on 
the hidden or back planes may be conceived to be 
described also. And again, as the law of symmetry 
“requires that all similar angles and edges shall be 
similarly modified, if among the modified angles and 
edges, which are int ptiodll to be in front of the 
‘figure, there be two or more, similar to each other, it 
is obviously sufficient to investigate the decrement 
“upon onze of these, in order to determine the character 
of the modifying planes upon the others. 

- Decrements, as we have already seen, take place 
‘on the ‘edges or angles of crystals, and are of two 
principal kinds ; one of which produces planes inter- 
secting the primary planes, in lines, of which one 
at least, is parallel to an edge or diagonal of one of 
those planes; and the planes aiid seed by the other 
intersecting the primary planes in lines, not any of 
which are parallel to an edge or diagonal of any of 
those planes. 

The effect of both these classes of decrements upon the 
primary form, is similar to that which would take 
place, if we conceive the enlarged crystal to have been 
completed, and the whole of the omitted molecules to’ 
have been then removed from it in one mass. 

This will be readily perceived, if we refer for an 
example to modification a of the rhomboid, Let 
us conceive a rhomboid of a given dimension to 
have been formed; and during its further increase in 


t- 
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bulk, a+ row .of molecules, to have. been-abstracted — 
at the angle A.of the primary form, from, the first 
plate of molecules added. to the plane P, and, an_ 
additional.row. to have, been abstracted from each 
succeeding plate.. | ae cobaashy # 
. As the three.-plane angles. which concur to produce — 
‘the solid angle at A, are. similar, a similar abstraction — 
_of molecules. would take place, simultaneously. from x 
the plates superimposed on each of the three adjacent — 
planes, and.the result would be the production:of a 
tangent plane, presenting at its surface the terminal — 
solid angles of the molecules belonging to those } 
_ plates which had been added to the smaller rhomb- 
Od F eye valpoden hy miaiay! seth sigh ie 
Let us next suppose that instead of any abstraction — 
-of molecules: from. the superimposed plates,: those — 
_ plates had been added entire, and a perfect enlarged — 
rhomboid had been produced.) 2%) wn 


ere be 


pie 


4 ae 
~py de bey sera yt ret 
pe 8 


* Iwill be recollected that the molecules are so small, as to occasion 
no perceptible difference in the character of the secondary plane, 
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_. We may conceive it possible to reduce this entire 
rhomboid to the state of the modified one, by remov- 
ing, in one mass, the triangular pyramid of molecules 

~ def g, fig. 322, in which the supposed modifted 
~ erystal is deficient. | 

‘The mass of molecules, therefore, in which any 
secondary form is deficient, when compared with its 
primary form, is equal. to the number of molecules 
abstracted in the production of that secondary form, 
arranged in the same order as they would have been, if 
they had completed the enlarged primary form. 

This mass, so arranged, being all the addition to 
the secondary form which would be required to com- 
plete the primary, will be called the defect of the 
primary form, and it will be shewn presently that 
_ the edges of this defect may be used in every instance, 
to determine the decrement by: which the secondary 

plane is produced. | 


_. For the purpose. of illustrating this proposition 
_ further, let us observe the change which would have 
_ taken place, ifa parallelopiped of any kind, either right 
or oblique, asabcde, fig. 323, had been modified 
on one of its edges, by a decrement consisting of a 
single row of molecules. _ 


z whether that plane exposes the edges, solid angles, or planes of the 
~ molecules, : 


i Oe 
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Let us suppose the edge 7k, of the primary form, 
to be to the edge. d, in the ratio'of-m-ton, mand 
‘being any numbers whatsoever.’ 

[t follows from what has been before. gtated,’ that 
the ratios of the corresponding edges of the molecules 
- which compose this form, will #186 be as m to m; and 
consequently that the primary’ ‘edges are composed: of 
equal numbers of edges of:molecules, and may there- 
fore be regarded ‘as. “maltiples ‘of mand ny by some 
indefinite whole number. 

Let us further ‘suppose that’ the: Aamceitont had 
begun to act at the edge ab, and had proceented along 
the plane abe: | | 

“In the ‘first. plate of molecules topertipbked on 
that plane, the row 1 would have been omitted. fa 
the second plate, the additional row 2. In the third ! 
plate, the additional row 3, and.so on. 

‘Now the evident result of these abstractions fate! 
the several superimposed plates, would have been , 
the production of a new plane, a b g f, replacing the © ; 
edge hi, of the enlarged crystal ; and the triangular ~ 
prism, whose base i is the triangle 0 if; represents the 
defect of the primary form occasioned Py this decre- . 
ment. . 

But it is obvious from the figure, that the ratio of i 
the lines? f toz 6 of the defect, is as 3m to 3 n, or * 
as m to 7. Hence when a decrement by | row of 
molecules takes place on the edge of any parallelo- © 
piped, the ratio of the edges of the defect, correspond- © 
ing to if, ib, is Similar to the ratio of those edges of! 
the primary form, of which’ these are respectively’ | 
stipposed t to be portions. ‘And as'the'edge bf, of the’? 
new plane, coincides with a diagonal ofthe: molecules, 


it is is evidently pig! toi a gees of oe habe di ke got 
, Wd JRO 10 #8 ai 
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fot us now suppose a decrement by 9 rows in , 
“preadth to have taken place on the edge of a similar , 
_ parallelopiped. If we imagine the at plate. of 
‘molecules. which is Breer an oan on the primary, 
plane to be deficient in two rows of single molecules ; if 
and if we imagine two additional rows of molecules. 
‘abstracted ri a the second plate, : and so on, the plane © 
ik would be produced, and the lines i ig, gk, would. 
be the edges of the defect of the primary form occas, 
: sioned. by this decrement. _ P 
- But it is‘evident that the line g kis to the line g i, ; 
‘as 4m. is to 2.n, or.as 2m ton, this being the ratio. 
which the number of molecules abctrasien inthe 
direction urs bears to the number, deficient. in, the 
direction of gd. a 
From, these examples we find ‘that, vilianaren a 
decrement takes place on the edges. of any. parallelo- ‘i 
piped, replacing: that edge by, a plane, the edges, of 
the. defect will be to those edges or the primary, for mi, 
of which they are respectively parts, in. the ratio of 
the numbers. of molecules abstracted from, each su- 
perimposed plate in the direction of the same edges 
respectively;, and that such ratio will express the 
Jaw of decrement. by which the new plane has been 
produced. : . 


9028 
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We may perceive from the figures 323,and,324, 
that if we had conceived the new plane to be pro= 
duced by the superposition of a single plate of mole-. 
cules, the edges of the defect would still be in the 
same ratio to each other as if the new plane were 
produced by a series of decreasing plates. We may 
therefore express the character of this plane by the — 
ratio of the edges of the defect of the first plate of 
molecules, consisting of one or more molecules in 
thickness, according to the nature of the decrement. 


Let us derive another illustration of this propo- 
sition from a decrement on the angle of a parallelo- 
pipeds and, to render the example more general, let 
us suppose an intermediary decrement acting on that 
angle to have produced a plane a bc, fig. 325, by the 
abstraction of a compound molecule, consisting of 
three molecules in height, two in the direction of 7 h, 
and four in the direction of 7k. 1f we suppose the 
Aines 7 k, and i d, to be to each other in the ratio of 

m. to 2, anid the line i h, to be as 0, the corresponding 
_ edges of the compound dso leduled would consequently 
be in the same ratio, and the edges, ic, 46, da, of the 
defect, would bé as 4 m, 3 n, and 2 0, jeall would, 
when divided by m, 2, and 0, express’ the law of: as 
crement by which the new plane is produceds) i) .087 


: be represented by the fraction ~ Hnish byt 


ae! = bys Tl 


* 


1)" AwS OF DECREMENT. (°)’ 993 


‘From these examples it appears that the edges of 
ihe defect of the primary form are multiples of the cor- 
responding edges of the molecules; and the ratios of 


 the'edges of the defect are consequently multiples of the 
ratios of the corresponding edges of the primary form. : 


*-For let the ratio of ik : id, which is pes sence es 


? 


arid the ratio of 7b: 7% c being “that of re m23ny be 


L presented by the fraction = | 


It is evident that the ratio a is a multiple of 
4. 


i alenen. the iedidees of veuehinede the law of decre- 


Rao! producing any secondary plane, is reduced to that 


of ascertaining the ratios of the edges of the defect of 


the primary form occasioned by nick decrement, and 
dividing these ratios by the ratios of the serretOraty 
‘ing edges of the primary form. 


We may also discover the law of decrement in 
some particular cases, by dividing the ratios of the 


 édges of the defect, be the ratio of an edge’ to some 
gee line upon the crystal, 


» Whatever ratio we may use for this purpose, will 
be termed the wnit of comparison, ait’ 

“This unit of comparison is, generally, the ratio of 
alta edges or other lines, either on the surface, or 


passing through the interior of crystals, of which, pro- 


portional parts would be intercepted by any new plane, 


. resulting from a decrement by one row of molecules. — 
‘According to the theory already explained, the 


molecules of all parallelopipeds are similar parallelo, 
pipeds,. and) their. edges, are consequently ; _propor- 


stional to the corresponding edges of the. primary: form, 


294 APPENDIX——-CALEULATION OF THE 


. Hence, when through the operation of a.decrement 
on.an edge of any parallelopiped, a single row.of 
molecules is abstracted, the parts which are removed 
from the two edges adjacent to that on which the “ 
decrement. has taken ‘place, will be proportional, to “| 
those edges respectively; and the ratio of those edges 
may therefore constitute the unit of comparison for — 
decrements on the edges of parallelopipeds.. Ay aa 
If a decrement take place by one row on an angle 
ofa parallelopiped,a single molecule is first abstracted 
from its solid angle; and the parts thus abstracted 
from the three edges which meet at the solid angle, - 
are respectively proportional to those edges. a 
The ratios of the three adjacent edges of any paral-. 
lelopiped, therefore, may be taken as the units of i 
comparison for determining the various laws of de- — 
crement on the angles of that class of primary forms. a 
And, by analogy, we may take the ratios of the three — 
or four edges adjacent to the solid angles of any class of 
primary forms, to express the ratios of the edges of — 
the defect occasioned by a decrement by one row of 
molecules. | | | ! La 
But other lines may be traced on some of ‘the ‘t 
classes of primary forms, proportional parts of which — 
will also be intercepted by decrements by one row of — 
molecules. Bie ks Mibed . 
The ratios of these may therefore be taken as the 
units of comparison, if we find them more convenient — 
for our calculations than those of the primary edges. 
When the edges, or other lines, from which the unit 
of comparison is to be derived, are equal, their ratio 
will be — 1, and in this case the lowest whole numbers — 
which will express the ratios of the edges of the defeet of | 
the primary form, will also express the law of decrement. 
‘And whenever an edge of any primary form is.rer 
placed by two similar secondary planes, as in mod. f° 
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of the cube or regular octahedron} | or 2, or 7, of the 
right’ rhombic prism, &c. the lines’ whose ‘ratio con- 
stitutes ‘the unit of comparison in such naeniit so 
ad ti be equal. aint : 

“ And the units of comparison for determining’ any 
melur intermediary decrement, will always be the ratios 
of the edges which meet at the solid angle on which the 
Beeecrenrcrt has taken place. 


310 


~ To ascertain the ratio of the edges of ihe defect of 
the primary form, when a decrement takes place 
on an edge of any parallelopiped, fig. 326, we must 
“suppose the inclination of the primary planes to each 
| other to be known, and the inclination of the modi- 


ying pane ab ch; to the primary planes P and T. 


), SEP ee S827. 


Xs Nay to: tomatvell the ratio: Sahichs tha’ lindo a ts 
bears toi c, we require the angles of the plane tri- 
angle ic. ‘These may be Sbtamed: by means of a 
spherical “triangle, fig. 527): whose:angle A is the 
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supplement of. the: inclination of. P. on the plane . 
abc fy the angle B the inclination of P on T, and — | 
the angle C the supplement of the inclination of T - 
‘onthe planeabcfi 7 iat Seben pel 
From this spherical triangle we deduce the side a, __ 
containing the required angle i bc, by the kndwn 
formula |, | n'y 


sin. B.. sin. C 


Fig. 328. 2 


Bb LC 


¥e 4 


and by applying the same formula to a second 
spherical triangle, fig. 328, whose angle 

C is similar to that of the preceding, 

B is the inclination of Mon T, 3 
A the supplement of M on the plane abc f; 2 
derived from actual measurement, or deduced from the — 
known inclination of P on the plane ac f, and of P 
on M, we may again obtain the side a, which contains ~ 
the other required angle, ic 6. 7 ’ 

Having thus determined the two plane angles, 

ibc, icb, the ratio of ib to 7¢ is known from the © 
analogy between the sines of the angles of triangles, | 
and the sides subtending those angles, thus, 


ib:ie:: sin. Vicd: sin. \V tbc.* 


er 


Let us supposez7k : id :: m:n; m and x being 
any whole numbers whatever, and being already 
known by means which will be pointed out in a later 
part of this appendix. “idm ys J) ee 


'* This mark \V is used to denote the word angle, — 


co 
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. olf the new plane has resulted from a decrement on 


the edge hi, by one row of molecules, the lines 7.5, 


4 éc, must also be to each: other as: m to mn, and we 
should then have 


att. ep Plea a AEB om ep 
~ But if the new plane has resulted from a decrement 
by unequal numbers of molecules in height’ and 
breadth, the ratio of 76 to 7c, should be as p m to 
qu; the letter p representing the number of mole- 


: cules abstracted in the direction of the edge i k, and 


q representing the number abstracted i in the Bveniion 
of the edge z d. 
The ratio of pm : qn, may be expressed. by the 


fraction of 2”, which is evidently the product of | 
qn oy 


P x = m We may therefore obtain the values of p 


and qo W whatever may be the particular values of 


Mand & —, if we divide eg which expresses the 
n q 


gn 


| ratio of the aut of the defect by = ts wich expr esses 


the ratio of the corresponding one: of the molecules, 


or, “which is the same thing, of the corresponding 


edges of the primary form. 
There are two methods by which ae cron may 


: be effected. 


“The first i is by finding the absolute values of m and 


n, and of p m and qn, by means of the tables of na- 


tural sines, &c. and then reducing those ratios to 


‘their lowest denominations in waiare numbers; and 


| after dividing the one fraction by the other, reducing 


the ‘quotient to its lowest denomination in whole 
numbers. The quotient so reduced ‘would express 
the law of decrement. 

| Hana yee i" one gt 
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As an example of this method, let us suppose ‘ 


we have found © vee 
7 7) ae Sih: : 11:8 


m 
therefore ex 
n 


And let. us et digi the ratio of 


ib: ic :: sin. Yicb: sin. VV tbc s 33 vs 16; © 


33 ) ; 


then we should have 2.” — 
gn nikal Gy 


If we divide the second Tadic by the first, ‘the i 


33 $i: yw OE: xl) 3 


quotient will be—_ i es ig 5? which would © 


16 


give a law of decrement by three rows in. breadth, or | 


in the direction of 2 k, and two in height, orin the — 


direction of the edge 2 fh 


If we now suppose Of edges 7 k, and if to be — 


equal, it is evident that — ™ becomes equal to 1. 
a ‘ 


"Under this supposition the ratio of ib totc might : 


be expressed by a fraction of the form ey 
re 


Let us now imagine the ratio of ib : ic to have © 


been found as | : 3. 


This would indicate a decrement proceeding along — 
the terminal plane Fas 3 rows of molecules in height. . 

If we findib : ic :: 4: 3, the law of decrement 
producing the ‘atte jab which that ratio is deduced, 


is by 4 rows in breadth, and 3 in height, on the termi- 
nal plane. 


The aMaitts method of dividing the proposed. frac. | 
tion ?™ by ™ is by means of the logarithms of the 


qn n 
quantities from whence those ratios.are deduced. 
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» Let us suppose we have foundik:id:: Re Sin. a, 
R 


we should then have ” — —"“*_ 
n sin. 


/ 


and . . . Log.” = Log. R — Log. sin. a. 
a , 
Let us alsosuppose 7b : ¢c :: sin.\/icb :\/sin. ibe, 
D faon pm _ sin. \/icb 


qn sin. \/ tbe; 
and Log. pm — Log. sin.\/i c b—Log. sin. \/i 6 c. 
4 qn 9h 
The division of 2?” by ™ is effected by sub- 
qn n 
_tracting the logarithm of the latter fraction from 
that of the former. And the natural decimal number 
corresponding to the resulting logarithm, will bear 
_ the same ratio to 1-0, 1-00, 1-000, &c. according to 
the number of decimal planes in the number found, 
as the decrement in breadth bears to that in height. 
Examples of the application of this ilathiad of 
deducing the values of p and g, will occur in the 
course of this appendix, 


Fig..329. 


Let us now’ enquire how: we may determine the 
ratios of the three edges, ib, ic, i.a, fig. 329, of the 
defect, occasioned by a decrement on one of the angles 


ofa parallelopiped. 
‘2 P:2 
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We are supposed to know the inclination of the 
primary planes to each other, and let | 
P on M be called J, 

Pee Pigs iS we 

Mie ie a 


- We may from these readily ithins the plane angles — 
at i by means of a spherical triangle; and having & 


measured the inclination of the plane a5 c on P, 
'M, and T, we may discover the plane angles at a, b, 


and c¢, ie means of the three spherical triangles in 


marked on fic. 330. 


_. Fig. 330. _ 


In these triangles we Eno only the angles, which 


are those at which the primary planes incline to each — 
other, and the supplements of those at which the © 
secondary plane inclines on the adjacent Briers ? 


planes. 


may readily discover the ratios of 7 6 : ze, andib:ta, 


which will give the law of decrement by which this — 


modifying plane has been produced. | 
Let us still suppose, 7k sid :: m:n,’ saa 
pope? h.22 Ape aeons sii for 
‘our units of comparison here would be — “and = =e 
na 1 Gorter, 
and let #5 < 0 32 009 og We Mesias ee a 
ib: 2pm: ro. | on 


The plane angtes at a, bs and c, being found, we A 
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After effecting our division of “— by —, and of 
| Ef Pais? ign 


se by ~ elke should find 


ro 
—tb=p, 
te gq 
diaceairy 


Whit would imply a decrement by p molecules in 
the direction of ik, qg molecules in that of i d, and 
r molecules in the direction of 7 /. 
If we suppose fig. 329 to be a doubly oblique prism, 
= letter to denote the edge 
ih would be D, 


tye eee 
PE a ey 
and the symbol of the plane a bc, would then be | 


(Dr Ey Hq). 


It may be remarked here, that tangent planes are 
generally the result of a decrement by 1 row of 
molecules, whether they replace the angles or edges 
of those classes of the a forms m | which aes 
occur. 


By hit his ol method of probeediigs we may, 
Seles we know the inclination of the primary planes 
- to each other, and of the secondary plane on one or 
more of the primary, discover the law of decrement 
by which any secondary plane has been produced on 
_any of the classes of parallelopipeds; and it may be 
adapted also to all the other classes of primary 
forms. 

We shall now apply it to the several classes of 
those forms in succession, and the calculation will be 
- found to become much more simple in its application 
_ to many of those classes. 
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__ As it will not be necessary to repeat even the for- — 
mule in all the cases which are to follow, it may not 
be useless again to observe that when a law of decre- 

ment producing any plane is to be determined, the 
~ general symbol of that plane is to be first discovered, 
cit then the particular values of its indices to be 
found. 

In simple or mixed decrements, these values are — 
deduced from the ratio of radius to tangent a, or of 
sin. a to sin. 0, as we have already seen; @ and b 
representing the particular angles in each particular 
case. 

The following may be sae as the general pro- 
cess for determining the law of an aici "y decre- — 
ment. | 


Ist. ‘To measure the inclination of one of the — 
secondary planes on two of the adjacent 
primary planes. | 
2d. To determine the two plane angles at the ter- 
ge mination of the greater edge of the defect 
of the primary vals ance gaed by the plane 
we hare measured. ‘i 
3d. From a knowledge of these plane angles, and — 
) of the plane angles of the primary planes, to 
deduce the ratios of the edges of the defect. 
Ath. When the primary edges are sieqtall to divide - 
these ratios by the itive of the correspond. 
ing edges of the primary form, and thus to 
dedatey the law of decrement. 
5th. If the intermediary decrement has taken’ laa | 
on-an octahedron, to determine the -fourth 
edge of the defect by a method which will 
be described when we apply our calculations 
to the regular ertale come 
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It will be recollected that in framing the general 
symbol of any secondary plane, we are generally to 
consider p>q> r>-s. , 

By carefully observing the position of the plane 
_ we have measured, and whose law of decrement we 
require to know, we shall feel no difficulty in adapt- | 
‘Ing an appropriate symbol to it. And having found 
our general symbol, we may readily find the ee 
lar pei ts of these indices by the methods already 
described, or by such as will be detailed in the suc- 
ceeding part of this teak 


From what has preceded, the method will be rea- 
_dily perceived by which we may determine the ratios _ 
of the primary edges of crystals, if we assume some 
observed decent plane replacing an edge of those 
forms whose terminal edges are equal, or replacing 
an angle of those whose terminal edges are unequal, 

to have been produced by some given law of decre- 
ment. ' 

If we assume that a plane ahi an angle or 
edge of any primary form, has resulted from a decre-. 
ment by one row of molecules, we determine the 
ratio of the primary edges by discovering the ratio of 
the edges of the defect occasioned by that plane. And 
if we assume any other law of decrement to have 
produced the given plane, the ratios of the primary 
edges may evidently be determined, by dividing the 
ratios of the edges of the defect By the assumed law | 


of decrement. 
% 
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Tor CuBe. 


; Tits elements. 

The inclination of any two adjacent planes at their 
‘common edge = 90°. 
Plane angles = 90°. 

Edges all equal. = 
- Inclination of an edge to an axis = 54° 44’ gif, a 
Ratio of an edge : 4a diagonal :: Q:Vg ¢ 
. . . 4 anedge:anaxis:: 1: Veo — 
Tis units of comparison. 
In reference to decrements on,the edges, the unit ~ 
ss Bethe: x a 
, simple and mixed decrements on | 


th ] cabins Tee 
€ angles, } crebipniy’ 2 es Va" 


Simple and mixed decrements on the angles. 


The law-of a simple or mixed decrement on any 
angle of a cube, may be computed by means of an — 
edge of the primary form, and half a diagonal of one 
of its planes. The i diagonal being used to measure | 
the decrements in breadth, and the edge those in height, 


Fig. 331. 


Let us suppose a cube represented by figure 331, 
and let us imagine a simple decrement to have taken 
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CUBE. 


ee eee 


‘place by 1 row of molecules on the angleafb. The 


edges of the defect of the primary form, would, in 
this case, be, as we have alreadv seen, proportional 
to the corresponding edges of. the primary form, and 
might consequently, if the secondary plane were suf- 
ficiently enlarged, be equal to those edges. The edges 
of the new plane might therefore coincide with the 


dines a b, ac, be. 


If we now draw the diagonal g' f, on the terminal 
plane, we shall observe that one half of it is inter- 


_ cepted at the point 2, by the edge a 6 of the second- 


ary plane. 


‘ _ As a decrement by 1 row therefore intercepts the _ 
half diagonal fh, at the same time that it intercepts 


the whole of the edges f a, fb, fc, the ratio of fh: fe 


~ may be assumed as the unit of comparison for deter- 


mining the law of a simple or mixed decrement on 
the angle a fb. 
For let us suppose a decrement to have taken place 


on that angle, by 2 rows in breadth; if this decrement 


‘be conceived to be continued until the edges a /; and 
b f, are again intercepted by the new ne teal it is 


_ obvious from what has been already stated, that only 
one half of the edge fc would be intercepted by the © 


same plane. , 
Here then the law of decrement would be ex- 
pressed by the ratio of fh: i fc, or2 fh: fc; and 


if fh: fc be represented by m : n, the ratio of 
fh:fd, should be as 2m:n, and would thus give 


the required law of decrement by 2 rows in breadth 
on the angle a f b. 
But the ratio of fh: fd, is that of radius : tang. of 
zs anil es d; and fh d is the Ants of He 
mn 2a | 
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a 


CUBE. 


angle g¢ hd, the inclination of the primary to the | 
secondary plane. , : 


The planes belonging to classes 6 and ¢c of the © 
modifications of. the cube, result from simple and ~ 
mixed decrements. ; | h 

Let the inclination of P on the plane 6 adjacent to 


it, or on the plane c which rests on the edge between — 


P’ and P”,* be measured and called J,. 

If p, as before, be used to represent the decrement — 

in breadth, and qg the decrement in height, then 
raqem fe OR 

q tang. (180°—J,) 


Intermediary decrements. 


The general symbol representing a single plane 7 
belonging to class d, would be (Bp BM By), And 


the law of decrement producing a particular plane — 


of that class, would be discovered by finding the © 
values of p, g, and 7, in relation to that particular | 
plane. | | 
Tet us suppose g > Tr. | 
If we refer to the tables of modifications, we shall — 
observe that two of the planes which have the d— 
placed upon them, rest on the edge between P and P’. 
Let that which inclines most on P’, be measured on 


‘P and P’. 


Let Pond= f,. 
LARS Be net NK | 
Let the plane angle of the defect corresponding to — 


4ac, fig. 329, be called A,, and that corresponding 


to i.ab of the same fig: be called 4,. 


* See the tables of modifications whenever the classes are referred tO. 


\ ‘ o 
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CUBE. 


\ 


~_R. cos. (180° — I.) 
~~ gin. (180° — F£,) 


R. cos. (180° — f,) 
A, 
he) a sin. (180° —- I.) 


The plane angles being thus found, we have 
. ai:ic::p:q:: R: tang. 4, 
ai:ib:i:p:r3: R: tang. 4,. 
We may determine these particular values of the 
‘yatios of p:q, and p: 7, by means of the tables of 
natural tangents, or by logarithms. 


We shall have cos. 4, 


Decrements on the edges of the cube. 


Let the inclination of the plane P on the plane iF, 
or k, adjacent to it, be called J,. | | 
R 


Mitel) ong 
q tang. (180°—J,,). 


Throughout the remainder of this appendix, when 
the law of a simple or mixed decrement is expressed by 


P the letter p will always be understood to denote the 


decrement in breadth, and q the decrement in height. 
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Tae rEgutar TerragEDRon. 


Fig. 332. 


dts elements. 


The mutual inclination of any two adjacent planes: ~ 


_at their common edge = 70° 31! a and may 


be called J,. 


_ Plane angles = 60°, and may be denoted by 4,. 


Edges all equal. 

tuclitiatiett of an edge ac toa pedpendiatlar 
ab = 5A? Ad! 8", and may be called A. 

Inclination of an edge to an axis = 35° ‘15! 52", 

and may be called AX 

Inclination of a heinendialian ab to an axis 


== 19° 28" 16”, and may be called 4,. 


Ratio of a perpendicular 


ab:anedgeac:: V3: 2. 


fis units of comparison. 


The unit is = ees relation to simple or mixed 


se 


decrements on the angles. 
-= 1 in relation to decrements on the 
‘edges. 
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REGULAR TETRAHEDRON. 


ee ee 


Simple and mixed decrements on the angles. 


To determine the law of a simple or mixed decre- 
ment on an angle of the regular tetrahedron, we may 
-assume as the unit of comparison, the ratio to an 
_ edge ac, of a perpendicular a } upon the base, fig. 332, 
drawn from the angle a. The line a b measuring the 
decrement in breadth, and the edge a c pecs 
the decrement in height. 

_ The ratio of ab : ac is known, from the relation’ 

of the tatrahedron to the cube, to be as V3: 2. 
tet fge, fig. 332, represent a secondary plane be- 
longing to Ne b, whose inclination to the primary 
_ plane, which is Rabviotitly equal to the angle 6 de, 
has been determined by measurement; we may call 
this angle 7,. 

In the triangle a d e, we have the following angles, 
n/ ade= (180° — I,), 

V dae= (90° — Bly pies 54 44' 8", which we have 
_ “called A. 

Vaed=(1,—A,). 
_ Whence : 
Dad:ae: sin. (i, ony 2): sin. (180°—J,) :: pm 32. 
qn’ 


: _ Div iding therefore ——_ 


3 In the fraction 2™, ™ represents ad 
f n 


sin. (I, — 4,) 
sin. 180° — 7,) 
find the Palais of p and g, p, ees Gig the decre-_ 
- ment in breadth on the angle a, proceeding along the 
plane a b, and g the Auch of molecules in height — 
iS Beene ding to the line ae. 

___ If the inclination on P, of any plane belonging to 
class c, which rests on the BE between r and the 


sito = we ee 
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REGULAR TETRAHEDRON. 


ee ee 


back plane of the figure, be known and called J,, the 
preceding formula will give the law of decrement 
producing that particular modification. 


Intermediary decrements. 


Fig. 333. 


The law of an intermediary decrement on an angle 
of the tetrahedron, is determined by the ratios of the 
defect or intercepted portions ae, af, ag, of the three 
primary edges ab, ac, ad. | 

Let e fg, fig. 333, be one of the six planes pro- 
duced by a modification of the tetrahedron belonging 
to class d. 

The general symbol representing a single plane 
belonging to this class is (Bp B'g B"r), p representing 
the number of molecules contained in a f, ¢ the num- 
ber contained in a g, and r the number contained | 
in ae. ie 
To determine the ratios ofae : df: ag, we re- 
quire the plane angles af e, af g; from which, as we 
know the angles caf, fag, we may deduce the 
angles ae f, ag f. : | 

To obtain the plane angles afe, af g, we may 
have recourse to a spherical triangle. | 
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REGULAR TETRAHEDRON. | 


The plane representing class d, on the figure in 
the tables of modifications, which A ERY to the 
plane e fg of fig. 333, is at which rests on the edge 
between P and P and inclines on P’. 

Let the ape the of this plane on P be called J,. 

TE ees ie a 
and let the plane canis a f € ite called A. 


| whos Be a 4 AY oe 
we shall have sin. Lae 


—cos.3{ I,+(180 °—1,)-+-(180"—1 5) Jeos. 4[7,+(180°—/, )—(180°—I,) ] 
sin. £, sin. I, i 


and sin. 2 A, = 
y= Al 1, +(180°—T , )-+(180°—T, ) Jeos.3[ L1 -+(180° —1;)—(180—T,)] 


sin, J, sin. I; 


Having from. these fornmuls deduced the angles 
 .A,and A,, we have 
ms . a fa g tz. pirg::sin. (120°—A,) : sin. A, 
ws Cire sin. 4, . 
“sin. (120°—A 5) 
af:ae:: p:r:: sin. (120°—A,): sin. 4, 
sin. 4, 
sin. sin. (190—d,) ) 

Hence the particular values of p, q, and 7, being 
found, and substituted for those letters in the valuta 
symbol. (Bp Bg Br), “a 
we shall obtain a symbol representing the particular 
plane we have observed. 


-— 
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REG Riek TETRAHEDRON. 


Dene on the edges. 
Fig. 334. 
Ff, 


The law of any diepemient on an edge of the regu- 
lar tetrahedron, may be ascertained by means of the 
two lines a 6, ac, drawn from the angles b and c, 
perpendicularly on the edge fg, on which the decre- 
ment is supposed to take nteee. 

The primary planes of this figure being equilateral 
triangles, the lines a 6, and a c, which are perpen- 
dicular to the edge f 2, are equal. -% 
_ The angle bac, is that at which the adjacent pri- 
mary planes incline to each other, and is already 
known and called J,. 

Let the new plane d e, be one of the planes, belong- 
ing to mod. f of the tetrahedron, and inclining on the 
ptimary plane P’ at an angle which we shall call J,. 
And let da, ae, be the portions of the lines a b, ac, 
intercepted by the new plane. 

In the triangle dae, the angle aed, is —(180°—I,), 
and consequently the angleade, is(I,—I,). > 
Wherefore, 7 

Mr aaa, cs eas ty Ryl t! Cenoed Mi Be sin. (180°—T, ). 

‘We may determine p and g, those being the lowest 
whole numbers which will express that ratio, by the 
means of either the natural sines, or their logarithms ; 
and when determined, they will express the law of 


decrement by which thé new plane has been pro- 
duced. 
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THE REGULAR OCTAHEDRON. 


Fig. 335. 


Its elements. 


The inclination of any two adjacent planes at their 
common edge = 109° 28’ 16”, may be called J,. 
Plane angles = 60°, may be'called 4,. 

Edges all equal. 

Foabuhtion of edge to edge measured over the 

solid angle 90°. 

Inclination of plane to plane measured over 
_ the solid angle = 70° 31’ 44”, and may be 

called J,. 

Ratio of a perpendicular 


ab:anedgeaf :: V3: 2. 
Ay ie . anedge : £an axis :: : V2: 1. 


Lis unit of comparison 


Is 1, in reference to simple and mixed decrements 
on the angles, and also to decrements on the edges. 
4 hs 

_ Simple and mixed decrements on the angles. 


The law of a simple or mixed decrement on the 

angle of a regular octahedron may be determined by 

means of the perpendiculars ab, ac, drawn from the 

angle @ upon the edges of the base; which perpen- 
2k 
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REGULAR OCTAHEDRON. 


diculars are, from the nature of the figure, equal. 
We know the angle b ac, which we call J,, and we 
are supposed to know the angle 6 de, which is the 
inclination of one of the iifand: of class b to the adja~« 
cent primary planes. ‘This inclination we shall call 
T,, and from these angles we may deduce the angle 
dea, which we may call J,. 
Hence we have . 
ad:ae::sin. I, : sin. (180°—J,) : : Pid 

which gives the law of decrement by p rows in breadth, | 
and g rows in height, on the angle a, proceeding along 
the plane ab. 


Intermediary decrements. 


The intermediary decrements of the regular octa- 
hedron are, as we have already seen, of two kinds ; 
the one producing the modifications class c, and the 
other class d, of that form. 


} 


Fig. 336. 


a 


In the modi ifications class c, the general amin 
representing which is (Bp By b’q br), the edges 
ae, a g, of the defect of the primary form, are equal, 
a his less than a e, or ag, and af greater. : 

It will be sufficient therefore to determine the — 
ratios of af to either ae or ag, and to ah. For 
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REGULAR OCTAHEDRON. 


this purpose let us imagine the defect of the primary 
form to be divided by a plane passing through the 
edges ah, af, and let ah fg represent one half of this 
defect, 

The inclination is known of P on P’, and called de, 
and of the new plane on P’, which we shall call J,. 
H{ence from a spherical triangle whose angles are 
90°, = £,, and (180°—JI,,), we may deduce the plane 
angles af g,af h, which we shall call 4, and 4,. 


The formule for this purpose are the following : 
-cot. 3 I,. cot. (180°—J, ) 


cos. A, = E 
cos, 4. R. cos. (180° ie 
sin. i J, 


we know the angle fa g = 60° 
Y} ade 
whence we deduce + wi] 
af:ag:: sin. (120°—A,) sin. 4, 
: sin A, 
" sin. sin. (120°—A.,. y° 
and af:ah::R: tang. 4, 
,p. tang. 4, 
. R 
and by substituting for p, g, and r, in the general 
symbol of the class of modifications to which this 
__ plane belongs, these particular values, we shall obtain 
_ the symbol of the particular plane we have observed. 


snip shy 


Q2RrQ 
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REGULAR OCTAHEDRON. | 
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- Fig. 337. 


The law of an intermediary decrement producing 
any modification belonging to class d, may be thus 
discovered. ; Bhai A 

Let fg hi, fig. 337, be one of the planes of that — 
class, and let its inclination on P, and on P’, which 
is supposed to be known, be iiled I, and f,. 

The symbol to represent this plane svetlld’ be i? 

(Bp b’q Br bs). 

p pee Has the number of molecules contained 

in the line a g of the above fig. 

Qi evn ene WEES 

Tie eh gk Of 

Nps Rees ta 

The spherical triangle marked on the fig. at P P's 
will give the plane ae agfandagh, ey we 
may denote by 4, and 4,, by means of the pores fe 
formule. 


sin. i A, id 


sin. poate sin. T.. | 


sin. We 


—cos.${ (180°—1g)-+ (180° 1 )-FL, ) Jeos. [ew 7 
sin. (180°—TJ,) sin. Z,. 
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‘Whence we may deduce the particular values of p, q, 
and 7, from the ratios ofag:ah,andag:af. — 
: ag: ah:: sin. (120°—A.) : sind, 
: th GRA cis oy bie As 
"sin. sin, (120'--4,} ys P ; q " 
ag:af:: sin. (120° —4,): sin A, 
8 sind 5 &, 
" sin. (120°—4, ) eps 
The value of s may be found giana the following 
equation, 


y 


FT EUH wR 
This equation may be thus derived. 


Lig  qaliog al ; 
S 


| Fig. 338. is 


Let aiec, fig. 838, represent a section passing 
through the axis of any octahedron whose terminal 
edges are equal, and through four of those edges. 
And let the lines g 3, hf, be equal to lines which 
might be drawn on the plane fg h i, fig. 337, from ¢ 
to 7, and from f to f. Both these lines will evidently 
cut the axis at the same point, which we may call m. 

Af we draw gn parallel. to ai, we have 
SN= sai ais:an—amiam. 


318 APPENDIX——CALCULATION OF THE 


REGULAR OCTAHEDRON. 


But from the structure assigned to the octahedron, 
it js evident that the axis ao represents double the 
number of molecules that are represented by an edge 
a b, and we may therefore in relation to the numbers 
of molecules represented, consider 

an=2g 4. 
Hence ga:ai:2ga—am:am. 
and gatai:ai:: 2ga:am. 

From this ratio we find 


PN a . at 
ga-+ ai. 
And by a similar proceeding we shall find 
_ 2ha.af : 
am = 
hataf. 
Therefore BEG Ge ee ts, 


gapat ha-+af. 
And cca ais rea ta diel wane 


pred Ohi » as 
Qai va 2af is 


a 
Therefore a Aiea rar faa 
a 


Fie ey ah : 


* ‘This formula was mentioned to me in conversation by Mr. Levy, 
some months before it occurred to me as the result of the investigation 


given in the text. But it was mentioned without any allusion to the 


means by which it had been obtained; and these, I since learn from 


Mr. L., were different from those employed above. 
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ee 


Decrements on the edges of the regular octahedron. 


Fig. 339. 


The inclination of one of the planes of class f; on 
the primary plane adjacent to it, being known and 
called I,, the angle a ed, fig. 339, becomes 

(180° — I). 
andae:ad:: sin. (1, —J,) sin. (180°—J 3) :: p: q, 
which will give the law of decrement producing the 
particular plane we have measured. 
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I ts elements. 


The inclination of any two adjacent planes at their 
common edge = 120°, to be called J,. 
Obtuse plane angles = 109° 28' 16”, may. be 
called 4,. : 
Acute plane angles = 70° Sl’ 44", may be 
called 4,. 
Edges all equal. 
Inclination of edge to edge measured over the 
summit = 109° 28' 16”, may be called 4;. 
Inclination of plane on plane parauner, over 
the summit = 90°. 
Inclination of an edge to the adjacent lesser 
diagonal = 125° 15’ 52”, may be called 4,. 
Ratio ofan edge : Za greater diagonal : V3: VE, 

an edge : 3 a lesser diagonal :: : V3: 1. 


an edge : greater axis :: V3: 4. 
an edge : lesser axis :: 1: 2. 
greater diagonal ‘ greater axis :: V2: 9. 


lesser diagonal : lesser axis :: 1 : V3 


Its units of comparison. 
For simple and. mixed decrements on the acute 
angles, or on the edges, the unit is = 1. 
For simple or mixed decrements on the obtuse 


angles, it is a being the ratio of 4 a lesser diagonety 
3 : ! 


to an edge. 

After ne ample enticed sided has been given 
of the methods proposed for determining the laws of 
decrement, it will not be necessary in vane to do 
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much more than to indicate the results of their appli- 
cation to new cases. i | 

_ This may generally be effected, by giving the gene- 
ral symbol of each particular class of planes, and the 
formule which are required for determining the par- 
ticular values of the general indices of each class 
respectively. | | 


Simple and mixed decrements on the obtuse angles. 


p 


General symbol ee | 
Let the inclination of P on a plane of class f adja- 
cent to it, or on the upper of the three planes on 
which g is placed, be known and called J,, and 
| pm _ sin. (1,—A,) © , 
qn ae, sin. J, 


If we divide on by being the particular value of 
3 


” in this case, we shall obtain the particular values 
n , | 


of p and q, and hence the law of decrement producing 
_ the plane we have measured, los : 
258 


- 
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eS SET 


Intermediary decrements. on the obtuse solid angles. 


On referring to class h of the modifications of this 
form, we shall perceive that two planes rest on ‘the 
edge between P and P”. 

Let the plane which inclines most on Pp pty mea- 
sured on P and on P”. Call its inclination on bh SE ake 

. “on P"; T,. 

The symbol representing this plane would be 

(Bp: B',.. Bir). 

To determine p, gq, and 7, we must, as we have 
done for the tetrahedron, find the two plane angles 

of the defect, which we shall call 4, and 4,, by ‘the 


formule 


sin. 4, : , . 
—cos.3[ (180°—T3)-+T FRI, yeos W807) (801) 
: sin. (180°—I 3) sin. 1, a 
sin. 2A, 


fact (80—I yt +0807 3) Joos-§[ 1801 Nearest) 
sin.(180°—I,) sin. L, : a 


Whi wee s : sin. [ 180°—(4,++-4, )]: sid A, 
: sin [180°—(A,-++4,) |: sin. Ak 
And the alton values of p, g, andr thus found, 
being substituted for those letters in the above gene- | 
ral symbol, we shall obtain the particular ayaa! of 
the observed plane. | ; 
It thus appears that the formule used for deter- : 
‘mining the laws of decrement on the obtuse solid — i 
angles of this figure, are similar i in character to those © be 
* applied to the determination of decrements on yes : 
solid angles of the tetrahedron. “ae 
This results from an analogy which subsists between a 
these solid angles in the:two forms. For the lines 
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gh. gi, hi, in fig. 340, may be regarded as edges of 
the ‘base of an irregular tetrihedroi of which the’ 
obtuse solid angle would be the summit. 


Simple and mixed decrements on the acute angles, 


“An analogy similar to that'which subsists between 
the obtuse solid angle of this form and the solid angle 
of the regular tetrahedron, will be found to subsist 
between its acute solid angle and the terminal solid 
angle ofan octahedron. For the lines da, af, may 
be regarded as edges of the base of an irregular octa- 
hedron, and obviously of one with a square base. 

Let the inclination of P on an adjacent plane of 
class 6, be known and called J, 


The inclination of P on P’ is 90°: 


\ 


whence pele R 
g tang. (180°—-T,) 


| Intermediary decrements on the acute solid angles. 


These, like those on the octahedron, are of two 
kinds, and produce the planes of mod. c and d. 

Let P on one of the planes belonging to mod. a be 
measured, and its angle called J,. | 

Its symbol might be (Bp B’q b’y br), and those 
indices may be Heiauiined by the method adapted to 
the corresponding plane on the regular octahedron; 
observing, however, that as the Blade angles, and the 
mutual inclination of the primary planes, vary from 
those of the regular octahedron, there will be a cor- 
responding variation in the terms of the ratios which 
give the values of p, g, and r. 3 


252 
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-.The symbol representing the upper plane belong- 
ing to class b, of the two on which 6 is placed, and 
which rest on the edge between P and P”, is 
(Bp B’q br b’s). 
Let the inclination of this plane on P be called J, 
| Di oa ain 
A spherical triangle will give the values of angles 
corresponding to 4, and A, of the regular octa- 
hedron, and from these, the particular values of p, 
q, T, and s, may be. deduced by the methods pointed 


out in reference to the analagous decrements on that 


Decrements on the edges. 


Let the inclination of plane P on one of the planes 
k, adjacent to it, be called J,. 
cae ak sin. (£,—120°) 
gq sin. (180°—I, ) 
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Fig. 341. 


Its elements. 


The inclination of the planes-at the terminal edges 
will differ in different minerals, and may be 
represented generally by J,. 

Inclination of the planes at the edges of the 
base will also vary in different rheblie eal and 
may be called J,. ) 

Plane angles at the summit will also vary, but 
they may be denoted generally BY A,, and 
may be thus deduced, 

‘R. cos..45° 

-sinni J, 

It is by means of the upper spherical 
triangle marked on the fig. that we are 
enabled to determine the angle wf a 

For if d k represent 4 the axis, id € a per- 
pendicular on the base, and hk 4a diagonal 
of the base, the angles of the spherical tri- 
angle will be 90°, 45°, andi Z,. And thence 

the angle e dh, Sehich we have called i 4, 

is deduced. 


cos. 4, = 
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The plane angles at the base are consequently 
== 90°-—4A,, and may be called A,. 
‘Terminal! rsdiees are all equal. 
Edges of the base are all equal. 
Ratio of a terminal edge : an edge of the base 
:‘sin. A; > Sle A. . 
; Ritio of an edge d h: a perpendicular on the 
base, de, :: R: cos.1 4 


4° 


Inclination of an sane ‘on the axis may be 


called 4,, and may be thus found. 
cos. 4, = cos. } f, 
The same spherical triangle from which 
we have determined the angle 4,, may be 
used to determine 4,, which in the above 


fig. is the angle k dh, and is the hypothe- 


nuse of that triangle. 
The known formula to determine 4, 
piles sh cot. 3 I, ay i cot. 45° 
R 
But as cot. 45° = R, this evidently becomes 
‘COS... —- Col, 20 
Inclination of Sie on edge over the summit 
will conseynenthns ehhh eh bees | 
a of ta diagonal of the base : 4 the axis 


:: tang. 4, > Re 


be i,’ 
4, 


wy 
i 


‘The Hélution of T. f,, and 4,, may be thus ex- 2 


pressed, 
_— COs. A, tang. if, 
R : 


cos. 40, : en 


| We may Gbserve that the angles of the 


spherical triangle marked at the base of the 
fig. are} J, £7,, and 90°, and that the side 
dhe, whitch we have calitee A, is the hypo- 
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thenuse of the triangle; and hence results 
the relation we have given. | 
From which, if any two of these angles be known, 
the third may be immediately. found. 
- Hence it is apparent that the angle J, being 
known, all the other elements of the form may be 
“known also. 


Hts units of comparison. _ 
The unit of comparison is = 1 in reference to the 
following decrements. 
Ist. Those which affect the terminal angles, the 
four edges of the pyramid being equal. 

2d. Simple and mixed decrements on the lateral 
angles; these being measured by the pro- 
portions intercepted of the equal lines h 2, 
hi, drawn from the angle h perpendicularly 
on the edges af and a 

3d. All decrements on the terminal edges, which 
are measured by the proportions intercepted. 
of the equal lines 6 a, be. 

‘Ath. Those on the edges of the base, cahick are 

measured on the: lines e d, ef. 

But in relation to intermediary decrements on the 
lateral solid angles, the unit is constituted of the 
ratio of the terminal and lateral edges ; which is evi- 
dently that of sin. 4, : sin. 4,. 


_  Stmple and mixed decrements on the terminal angles. 


If we measure the inclination of P to the adjacent 
plane belonging to class b, and call the angle I,, we 
have 


D,.._ +S, (7.-1-F 180") 


RR Fi (180°—J,,) 
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Intermediary decrements on the terminal solid angles. 

If we measure the inclination of one of the planes 
_ of class c, on P, or of class d on P and P’, we may 
determine its law of decrement by means of formule 
similar to those which have been used for the analo- 
gous modifications of the regular octahedron. 

The calculations relative to decrements on. the 
lateral angles of this form, require a little additional 
illustration, 


Let the inclination on P of the plane k / m, fig. 342, 
which represents one of the ne of class bi be de- 
noted by J,. 

A spherical triangle will give the plane angle 6g 
the defect a k l, shih we may call ./,, Bye means oF 
the formula 
cos. 4, = cot. 4 J, cot. (180" ed Jot 
: | | R 
whenceak : al:: p : qmay be pans found, and 
am = r may a thus determined. ~~ 
peeing pp eee 

Let 20 p s represent a plane elonging to ane 2 

whose inclination on P is known and called tee 
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_ We now require the plane angle o v¢ of the defect, 
‘ which being denoted by A,, may be thus found, 
cos. 4d, = cot. i I,. cot. (180—T,) 
7 R 

From this angle and ot 2, which we have called 
A,, the ratio may be found of fn :t0:: p: 4, 
and r may be determined as before. 

The planes of class / result from simple and mixed 
decrements on the lateral angles. Let J, represent 
the inclination on P of one of the planes / adjacent 
to it, and the law of decrement may be thus determined, 


p — sin. (2,+7,—180°) 
q sin. (180°—J,) 
Let qrps, fig. 342, represent a plane belonging 

to class 2 or k, whose general symbol would be 
(Bp Da D’r B's : Bp Dr D'q B"s) 
and its inclination on P be called Z,, and on P’, J,. 
A spherical triangle will give the plane angles r ¢ q, 
rtp, and Ne the Hinton ratios are known, 


i y.22pm 7 qn 
} tpi pmirn 
 Andif we a td shi by, oe the par- 
n rn ‘sin. 4, 


ticular values oe q) and r will be found. 


The fourth index s, may ye be fa ag from the 
equation, | 

1 oF la 
Seve fe uf née 

q ewe 


The decrements on the Saleh may be determined 


1 
s 


_ by the general methods apphied to dnalagous decre- 


_ ‘ments on the regular octaliedron. 


2 vt 
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- Fig. 343, 


Tits elements. 


The inclination of the planes at the terminal edges 
may be denoted by J,. 
inclination of the plane P on P’, may be 
called Ff,. 

; a a ee 
Plane hills 7 St b, fig. 343, may be called 4,, 
and may be thus known, 

jane D4, s sin. $V; ell Bt a 
Plane angle b f e, being called Gm, may be - 
thus determined, 
sin. iI, cot. JZ, 
siscagtaamel A tages 
The first of trea equations is thus derived. 
The angle h fb in the above fig. represents 
iA.. 
hfe eile win sakura) ak 
1g TIENT 1 alee, 
Ph: A em Mae 1 ee Sy 
But fg: fh:: R: sec. (90°—3 I,) 
Sg: hb= gi::R: tang. (90°—1T,) 


tang. 3 Sis ga a 
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Whence 
fh: hb :: sec.(90°—4T,): tang.(90°—-1 I, ) 
and fh: hb:: R: tang.i 4, : 


_ Therefore 
tang. A, : R:: tang. Coat I,) 
: sec. (90° ap 
the! 14. — Batang. (90° epi T,) 
sec. sec. (90°— age sty 
R cos 
But as)" 
5 ea sec. R’ 


and tang. 90°—a = cot. a, 
the equation becomes 
tine! 4 __ cos. (90°—+ I) cot. rt. 5 I, 
eT EAS SRLS; 


my Nie gs cot. iJ, 
ee : 
The second equation must evidently be simi- 
lar in its character to the first, but substituting 
I, and J, for J, and f,. 

The faaninel edges equal. 
Ratio of a terminal edge : a perpendicular on 
the base of plane P :: R: cos. 3 4,. 
Ratio of a terminal edge : a perpendicular on 
the base of plane M : ‘RG cos. 4 A,. : 
Ratio of a terminal alive : a greater edge of 
the base :: R: 2 sin. i 4,. | 
Ratio of a terminal edge ; a lesser edge of 
the base :: I} : 2 sin. 3 4,. 
Edge d b of the base : edge be :: cot. 4 J, : 
cot.iTJ,. 

cach aba tdbughmibe 
:: tang. (90—i J) : tang. (90°—1 I,) 
3; cot. J, : cot. 2 J, 
2 Oi. 
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The inclination of a terminal edge to the axis may 
be called A,, and may be thus found, 
sin.i J, cos.4 A, 
ni Me ee oe bs 
If we suppose a spherical triangle to be 
represented by a segment Ag bf of the octa- 
hedron, it would obviously be right angled 
at h; and we know the side 
Af bed Ay Me, 
if Qe 90°— if, 
Whence.we find cos. \y g¢ fb, which we call 
_A,, by the known formula 
_.. c0S. i Os —i1,)cos, 7A, 
re Fy ae 
_. sin. 3 J, cos,4 4, 
, ammaemaaanet air meTs 
Ratio of 4 a diagonal of the base 
: 2 the axis :: sin. 4, : cos. 4,. 


cos ES 


Cos. A, 


3 


The relation between 7,, J,, and JZ, may be thus 


discovered, 


If we suppose the angle h b i = 90, to be 
the side of a spherical triangle, the angles 
of the same triangle would be Z,, ¢ J,, and 


if,. 

: A general equation to discover f, would be 
cos. [, = 

cos.\/h bi. sin.tJ,.sin.21,—cos.4/,.cos.4f, 


R? R 
But as cos. \y hb i = 0, the equation be- 
comes that which has been given. Bie 
From which formula, any two of the re 
being known, the third angle may be found. 
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s Its units of comparison. 

The unit is = 1 in reference to all decrements on 
the terminal angles, and to decrements on the edges 
of the base. . 

For simple or mixed decrements on the lateral 
angles, the unit will be the ratio of the perpendiculars 
bk, b1, drawn from the angle at d perpendicularly 
on the edges fd and em. The ratio of those lines 
may be thus determined. 

| Sb:kb:z Risin. Vk fb= A, 

bm fb:bl:: KR: sine Vy bm1l= A, 
whence... kb: b1:: sin. 4, : sin. A, 

When the decrement is conceived to proceed along 
the plane P, the unit of comparison will be - ot 
but when the decrement proceeds along the plane M, - 
the decrement in breadth will evidently be measured 
sin. 4, 


sin. 4,, 


by the line 4 /, and the unit will then become 


Fig. 344, 


The laws of decrement on the terminal edges may 
be determined from the lines b a, b c, drawn perpen- 
- dicular to the edge fb, on which a decrement is sup- 
posed to have taken place, and meeting the edges 
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fd, fe, produced to a and c, These lines are to each 
other as tang. 4, : tang. 4,. 


When the decrement proceeds along the plane P, 


the unit of comparison is ee but when it is 


ang. 4, 
conceived to proceed along the plane M, the unit 
becomes 1228: al | 
tang. 4, | 


Knowing the elements of the primary form, the 
unit of comparison, and the symbol of any plane 
whose law of decrement we require, we are to mea- 
sure the inclination of that plane on one or more of 
the primary planes, and then to adapt. such formule 
to the particular case, as will give the particular 
values of the general indices of the plane in question. 


/ 


a 
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Fig. 345. 


| tis elements. 

The inclination of the planes at the obtuse ter- 
minal edges may be called J,. 
Inclinationof the planes at the acute terminal 
edges may be called J,. | 
Inclination of; the planes at the edges of the 

_ base may be called J,. : 

Plane angles at the summit, being called 4,, 
may be thus found, 3 

eot.2 7. cot. 1 T,, 


cos, 4, = . 
A spherical triangle is marked on the 
- upper part of the above figure, the angles 
of which are 90°, J,, and 1 J7,, and of 
which the required side 6 ac is the hypo- 
thenuse, which is found by the precediag 
formula. 
The two spherical triangles marked at 
the base of the figure, will give the follow- 
_ ing formule; the required side being in 
. each instance the hypothenuse of the as- 
sumed triangle. 
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The greater lateral plane angle a c b, may be 
alled A,, and may be thus shi 

cot.i J, cot.£ J, 

Most acute of the lateral plane angles, a bc, 

may be called 4,, and may be thus found, 

cote i J, vot. i I, 

Pie R or 

Angles of the rhombic base may be thus deter- 

mined. Let the lesser angle be called 4,, and 


cos. 4, = 


cos. 4, = 


: Sag COS. S20 | 
cos. t 4 Teun 
The required angle op: is ihe angle 
e bc of the above fits and is that ine of . 
the spherical triangle nearest to 6, which is 
‘opposite the angle 7 J; ; and hence the for- 
- mula which is given. 
‘Ratio of 1 the greater diagonal of the base 
I the pees disaphdlolt R: tang. 2 A,. 
Obtuse terminal edges are equal. : 
Acute terminal edges are equal. 
Inclination of the obtuse terminal edge to the 
axis being called 4,, may be thus found, 
cos.2 f, 
riers 
Inclination of the acute terinina edge to the 
axis may be sane A, and may be thus found, 
cos. 2 J, 
ta sin. 41, | 
| The angles ea and A,, are those sides of | 
the upper triangle marked on the figure, 
which subtend the angles! J, andi J,. And 
hence the formule for their determination. 


Cos. by Mila R 


Cos, 
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The-ratio of an obtuse terminal edge . 
: an acute terminal edge :: sin. A,:sin. A,. 
Ratio of 2 the axis : £ the greater diagonal of 
base :: R : tang. 4, 
¥ the axis : 4 the lesser diagonal of 
base :: R: tang. 4, eh 
; the axis : the obtuse terminal edge 
:: cos. 4. : R. 
; the axis : the acute terminal edge 
:: cos. 4g: R. ; 
obtuse terminal edge : perpendicular 
apa 2 sin, 45. 
acute terminal edge : perpendicular 


a few 2s sine A 


po lit 


Lis units of comparison. 


_ The unit is = 1, in reference to the following de- 
- crements. 


1. Simple and mixed on the terminal angles, pro- 
ducing mod. 6. | 

Be Reade aighn ate sie sh 2. Ontuse, later] angles, 

producing mod. &. 

- + + + + + « . . acute lateral angles, 

| producing mod. gq. 

1 RENAE ee Tag a 8a obtuse terminal edges, 

} producing mod. u. 

Bt ae) veicicks Manic - + . acute terminal edges, 

Ws producing mod, x. 

Dacia cot cans) Eniditvedes dadee dees). of «the base, 
producing mod. z. 


i 
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The units of comparison for determining the laws 
of intermediary decrements will be the ratios of 
those edges, of which portions are intercepted by the 
particular plane we are examining. | 


Having determined the unit, and the symbol, and 
measured the inclination of the modifying plane on 
one or more of the primary planes, we may proceed 
to discover the law of decrement by some of the 
methods already described. - | 
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Its elements. , if 
The inclination of any two adjacent planes at their 
common edge = 90°. 
Plane angles = 90”. 
Terminal edges equal. 


- Lateral edges equal. 


Its units of comparison.. 
Fig. 346. 


Let the terminal edge be to the lateral edge as 
m:n; this will be the unit of comparison for decre- 
ments on the terminal edges. For simple and mixed 
decrements on the angles of the terminal planes, . 
the ratio of ab : af becomes the unit, which is 
Nom | 


z 


m 
Puan a ee and for similar decrements on 


the lateral angles the ratio of a e, being 7 the diagonal 
of the lateral plane, to the terminal edge a d, may be 
regarded as the unit. But we cannot immediately 
determine the ratio of the intercepted portions of the _ 
lines a e, ad, from the inclination of the secondary. 
plane on the lateral primary plane. It must be 
deduced from the ratio to the edge a d, of a perpen- 
dicular ac upon the diagonal m f. ‘ et 
It is very obvious that this perpendicular possesses 
the character assigned to those lines from which the. 
2" 2 : 
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unit of comparison may be derived. For it would be 
wholly intercepted by a decrement by 1 row, when 
the edge ad is so intercepted. And the propriety of 
adopting this unit will be apparent, if we recollect 
that the inclination of two planes to each other is 
measured upon lines perpendicular to their common 
edge. | 

Let the lines i h, hc, be perpendicular to the edge 
of the secondary plane at the point h. The angle 
thc is all that can be known from actual measure- 
ment of the crystal; but from this we know the angle 
i ha, and hence the ratio of ah toai. The constant 
relation ofa c¢ to ad, may be readily found. | 

We are supposed to know the ratio of a m to af: 
andam:af:: R: tang. ae 
call \V am /f; A, ; 
And because a ¢ is perpendicular upon fim, we have 

ac:amorad::sin 4,:R. 

sin. 4 
aay 


Hence ' beeuiies the unit of comparison in 


reference to simple and mixed decrements on the 
lateral angles of the prism, the symbol representing 
which would be A”. | 

For decrements on the lateral edges the unit is 
= ], and for. intermediary adevehi ests the unit will 
be the ratios of the particular iA ae affected by each 
law of decrement. 

The general methods adopted for aa retatttite the 
laws of decrement on the cube, may .be Applied to ™ 
this prism ; observing however the differences in the 
several units of comparison afforded by the twe 
forms. | 


~ 


LAWS OF DECREMENT, . _ 3A]. 


THE ricut Recrancurar Prism. 


_. Its elements. 


The inclination of any two adjacent planes at their 
common edge = 90°, ; 
Plane angles = 90°. 

Parallel edges are always equal, 
Three adjacent edges always unequal. 
This inequality cannot be determined but by 
the means of secondary planes. : 
2 
fits units of comparison. 


Fig. 347. 


Let us suppose the edge oa:0b::m:n 
O4@:0C:: mM: 0 


|e will evidently be the unit of comparison for deter- 
ee | 3 
mining the laws of decrement producing the planes 
of class b, | | 


aa for those of class c. 
O * ; 

| ™ for those of class d, whose symbol is G? "G, 
2 


RG ES CEES RE Sete ata ee 
_m 3 | | 
It has been shewn in p. 267, that the planes com- 


_ prehended under class a, might be produced by four 
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different kinds of decrement, of which the general 
symbols would be ' : | 
ty A, PA, A®, and (Cp Gq Bn. 

The unit of comparison will be different in each of 
these cases. ne 

Let ab, ac, be, fig. 347, be three diagonals, and 
od, of, oe, three perpendiculars drawn from those 
diagonals to the angle o. 

The edges ab, ac, bc, might be the edges of a 
plane produced by a decrement by 1 row of mole- 
cules, which plane would intercept the three edges 
oa, ob, oc, together with the three perpendiculars: 
drawn on the diagonals. ‘The ratios of those perpen- 
diculars to the edges may therefore be assumed as 
the units of comparison for simple and mixed decre- 
ments on the angles. ‘Thus for decrements on the 


anele ao 6, whose symbol 1s A, our unit will be 
od:oc. For those on the angle ao c, whose symbol 
is¥A, the unit is of: 0b. And for those on the 
angle boc, whose symbol is A”, the unit is 0 €: 0 a. 
To find a constant ratio between these perpen- 
diculars and the primary edges, let us suppose m, 7, 
and o known, and from these quantities, the plane 
angles o a b being also known and called 4, 
Be: PAE SY SOND TNR aly Np 
Werth /uat ik ureters Urea Rane 
we have oa:0d::R:sin. dA, 
| oa:oc::R: tang. A, 
-.od:oc::sin. A, : tang. 4, 
We also find of :0 6:: sin. A, : tang. A, 
oe:0a:: sin. A, > tang. (90°+A, ) 
The units for intermediary decrements are the . 
ratios of m, n, and o, and the methods for deter- 
mining the several laws of decrement will be similar 
to some of those already employed. 


3 
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Toe ri~ent Ruomeic Prism. 


Its elements. 


The inclination of terminal to lateral planes = a=90°. 
Inclination of lateral planes to each other 
varies. in different minerals; call the greater 
angle at which they meet J,. 

Purhinal plane angles being equal to the 
angles of the prism, are Mae duentl aise oie ap 
and (180°—J,). But being plane angles, we 
shall designate the greater by 4,, and the 
lesser by AY 

Half the greater diagonal of the terminal plane 
aihale thu Jesse ecules tang. i 4,.: R. 
Lateral plane angles = 90”. 

Terminal edges equal. | 

Lateral edges equal. 

Ratio of a Jaibeal to a ter seat edge is deter- 
minable from secondary planes only. 


Lis units of comparison. 


Fig. 348. 


_. The unit of comparison for determining the ae 
ferent laws of decrement by which this Bice of pri- 


i ~) mary forms -may be affected, will be different for 
nearly all the different classes of modifications. 
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Let the ratio of the terminal to the lateral edge 
be known and expressed by the ratio of m:n or of 
| be pecan : 
m 
The general expression . the unit of comparison 
will become 
“mcos.iA, 


in reference to ae or mixed decre- 
n 


ments on the terminal angle A of the pri- 
‘mary form. This is evidently derived from 


the ratio 
Ae 
epi fae Rico Pa, 21780 EA: 
ef: fl 
m 
hence | 
{a 1 :, 00824. , 
id dagro ota ire 


::m cos. A, :nR. 


msin.i A. . Ane 
sah __2+4""+, in reference to.similar decrements on 


nh 
the angle E of the primary form. 
For let 
‘in. t 
6 fen 2 Asan AS asd: sin. 74, 
\ R 
and 
ey 2 m4. 1°: hes 
m 
therefore 
en: em :: sin. 4A, » ad 
R m 
: msin. LAO nR, 


The ratios ar the Line may be used as the units for 
determining the ire: of decrement producing the 
planes belonging to the classes 6 and d of the modi- 
fications of this form. 
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SS NT 


. Fig. 349. 


The unit of comparison for decrements on the 
terminal edges, is the ratio of the line Sg, fig. 349, 
to fl; f g being perpendicular to 2k, and conse- 
quently toad. For the law of decrement is to be 
determined from the inclination of the plane adc d, 
to one of the primary planes, let us suppose to P, 
which inclination would be measured on the lines 
gh, hd. 

It is evident that the line fg falls. within the de- 
_ scription, already given, of the lines. from which the 
unit of comparison may be derived. for, whatever 
the law, of. decrement may. be which produces. the 
new plane a ded, we must, haye 

| flier S bis: Fars fiy 

The ratio, of Sg to f-l may be thus, discovered. We 
are supposed to have found 

n 
ERTS Ae pede ses te 
and knowing the angle e fk, which we have called 
A,, we known the angle g fk =A ,—90°. 
hence Ski fg: R: cos. (4,—90°) 
2 1 . c08- (4,—90"). 
Se ee 


= 


wieraioes Vie Sy BOE = a nell Spi 


m \ 
:: m cos. (4 ,—90'): ”R. 
Cee ee , 
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m. cos. (A,—90°) 
nh 
For decrements on the lateral edges of the prism, 
the unit is — I. 
The methods of applying these several units to 
the determination of the laws of decrement, will be — 
similar to some of those already described. 


_ The required unit is therefore 


Fig. 350. 


- If'we require the law of decrement producing the 
plane de, fig. 350, and we know the angle a d e, 
which is the inclination of a primary plane on the 
plane de, and may be called J,, we shall find the 
ratio of the edges of the defect, : 
bd:be::sin. (I,—A,).: sin. (180°—f,) :: p: % 
which gives the required law of decrement. 
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THE RIGHT OBLIQUE-ANGLED Prism. 


Tits elements. 


The inclination of terminal on lateral planes = 90° 
Inclination of lateral planes to each other 
varies in the different individuals belonging to 
the class. Call the greater angle at which 
they incline to each Bua 12g 
Terminal plane angles are consequently J,, 
and Coal )j Pe they will be called ve 
and A,. 

Lateral plane angles —— O0e 

The adjacent edges unequal. Their ratio, and 
that of the agorske of the terminal planes, 
can be known rath secondary planes only. 


Lts units of comparison, 


Fig. 351; 


When the edges of any plane of class a or b, of the 
modifications of this form, which intersect the plane 
P, are parallel to a diagonal of that plane, the modi- 
fying. plane results oath a simple or mixed decre-. 
ment. : 
‘The. unit of comparison PUN the laws 
of simple or mixed decrements belonging to class a, 


ray es 


” 


3548 AP PENDIX==—CALCULATION OF THE 


nee sn OBLIQ UE-ANGLED PRISM. 


ee Ce 


is the ratio of bd, a perpendicular on the diagonal, 


_to the edge bf, which may be thus found. 


‘Let the ratios ‘of the edges: ssi as follows, 
be:ba::m:in:: 1: 


Cs 0 fas OL Oete ine 
bas: Of ::.4,0,22)1 


The angle a bc has been called 4, 
bans Ae 
From the ratios of ‘the edges and thie angles A, and 
A, we may find the angles 
bac=ac™m, call this A, 
Bat Bh a lh as 


thus .. ba:ba@:: R: sin. A, 3: T: 


Sie Tis 18 


sin. A, 
R 


sin. A, 2 

Ree 

The unit for determinining the laws of simple and 
mixed decrements belonging to class b is the ratio of — 
ec, a perpendicular on the diagonal, to an edge c n, 
or b f. 

We have mc =ab:ec:: R:sin.d,:: 1 


therefore bd: b f:: :asin.d,:oR. 


_sin. A, 
aS 


and because cn= bf, we must have 
ORE yee rik HP os: asin. d, oR. 
RoR 
The ratios of 'the primaty edgés may be assiimed 
as the units‘for determining the decrements prodacing 
the remainder of the planes belonging to class-a and. 
b; and they ‘should be: so adupted ‘to each particular 
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case, as to give the lies values of the indices 
of each individual plane. 
The following are the units of comparison for de- 
termining the ve of decrement on the edges. 


Fig. 352. 


For those which produce the planes a, the unit is 
the ratio of the perpendicular g b, fig. 352, to an 
edge bf: and for those which produce the planes d, 
the unit is the ratio of a perpendicular 5 4 to an edge 


bf: 
To find bg : bf, we have 
ba:bg::R:sin. A, 


Bdiase 5. pa oof, ts.) : = 
we must have bg: bf:insin. A, : oR. 


To find bh: bf; we have 


: 23 1 , sin, A, 
bec bh R 


be:bf:1: 2 


m 


bh:bfimsin. A, : oR. 
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} 


‘or decrements on the lateral edges, where the 
symbol is leeg 


PG the unit is iy 


fel Mia ie MT ay he 
ne 
n 
PH e e e CaP Sess “ema! 
m 
H? e e e ps 
n 


The application of these units to the determination 
of the several laws of decrement, will be similar to 
many of the examples already given. - 
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THe opx~iguE Ruompic Prism. 


Its elements. 
Fig. 353. 


- The inclination of P on M, or M’, fig, 317, varies 
in different minerals; call it J,. 
Inclination of M on M’ also varies in different 
minerals, and may be called J,. 
Plane angle fa d, fig. 351, may be called 4,. 
Let g ae, gad, dae, be the three sides 
of a spherical triangle, whose angles would 
be 90°, J,, and 3J,. The side g ad, which 
is 4 pas may be tins found, 
com: —. R. cos. 5 I, 
sin, + : : 
Plane angle fae, or dae, may be called A,. 
This angle is the hypothenuse of the tri- 
angle from which we have derived the pre- 
ceding formula, and may therefore be thus 
known, 


cot. Z, cot. J, 


cos 4, = 


Terminal edges equal. 
_ Lateral edges equal. 
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The inclination of the oblique diagonal a g, to an 
edge a e, being called T,, may be thus found, 
R.- cos. J, 
sin. 2 J, 
The angle g ac is the third side of the 
triangle already used. 
Ratio of a terminal to a lateral edge can be 
known only by means of secondary planes. 


COs. I, = 


Its units of comparison. 


m 
The unit of comparison in reference to the decre- 
ments producing the planes of classes a and c, is the 
ratio of half an oblique diagonal ah toa lateral edge 
ae, which may be thus found. | 
afz:ah:: R:cos.4 A, :: 1: Se 


Let us suppose the ratio ofaf:ae::m:n::1:7% 


Therefore ah: ae:: mcos.44,:nR, 


Fig. 354. 


~The unit for determining the decrements producing 
those planes belonging to class e, of which the repre- 


sentative symbol is kb, is the ratio of 4 a horizontal 
diagonal fh to the line fv drawn from the solid angle 
at f perpendicularly on rm; the line rm being paral- 
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lel to the diagonal g a, and touching the solid angle 
at m. For the line fr is evidently in a plane per- 
pendicular to fd, and if the modifying planes we are 
considering were to be produced, they would cut fm 
and fr proportionally. The ratio of fh to fr, is thus 
found. , 
Se:fhi: Risin. td, 1: eee . 


Ses filme: 
Therefore fh: fm :::msin.} A, :nR. 
L 


_, m sin. 


. But . . fr: fm :: cos. (L,—-90°): R 
., cos. (L,—90") . 1 
ee 
i Therefore fh: fr :: ara A, Sahara) 


:: msin. i A. :n’cos. (f,--90°). 


The unit for determining the laws of decrement 

producing the planes of classes f and g is the ratio of 

ab toae, fig. 355, when the angle fa d is obtuse, or 
oe 
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of a b! to ae, when that-angle is acute; ab, or ab’ 
being perpendicular on the edge g d, and a e perpen- 
dicular on the edge ec. 

This ratio may be thus deduced. 


ad:ab:: R. cos. (4,- —90") 3: 


os, (4190) 
x R 


adsae::1” ve 
m 


ab:ae:: mcos. (4A,—90°):2R 
ac:ae::cos.(4,—90°): R 
__- _ mcos. (4,—90°) , cos. (A,—90") 
GD AG SS crept ae corte ne ect 
:: mcos. (A,—90°) : ncos. (4,—90"). 

The unit is equal to 1, in relation to decrements 
producing the planes z and /. 

The units for determining the several laws of de- 
crement producing the planes of classes b and d, and 
such of class ¢ as are not represented by the symbol 


E, are the ratios of the primary edges ; and the methods 
of determining the laws of asbesmett producing any ~ 
modification of this form, will be analogous to some 
of those already described. 
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THE pouBLY OBLioguveE Prism. 


Tis elements, 


The inclination of the primary planes i is unequal at 
any three adjacent edges, and is different in 
different minerals. — 

Three adjacent plane angles unequal. 

Three adjacent edges aetniy and the ratios 
of these ina Nisiae are to be deduced only 
from some secondary planes. 


The laws of decrement which produce the modify- 

_ ing planes of this class of primary forms, may be 

_ determined by the general methods already described 

at p. 295, and the units of comparison will then be 
the ratios of the primary edges. 


Qy2 
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Fits elements. 


The inclination of the adjacent lateral planes to 
| each other = 120°. 
Inclination of the terminal on the lateral planes 
mens) ie 
Plane angles of the summit = 120°. 
Lateral plane angles = 90°. 7 
Ratio of the terminal to the lateral edge of 
each particular prism can be deduced only by 
means of some secondary plane. 
Let us suppose it known, and expressed by 
m:n, or by 1: ™ 
Its units of comparison. 
For decrements on the angles of the terminal plane, 


the unit is 


m . 
; and for decrements on the terminal 
n 


edges it is a a as will be shewn below. 
i) a 


For decrements on the lateral edges it is = 1. 


Cc Js 


The diagonals drawn on the terminal plane divide — 
that plane into six equilateral triangles. 
The law of any simple or mixed decrement on an ~ 
angle of the prism is deduced from the ratio of 
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ef:eg, bute fis half an edae of either of the equi- 
lateral wipeaitis bicor hic, whence 
sees tmi nism: Qn, 

ibid thus douse the unit of comparison for simple 
or mixed decrements on the angles of this prism. 

The laws of intermediary decrements may be deter- 
mined by means of spherical triangles adapted in the - 
manner already described. 


Decrements on the terminal edges. 


A decrement by | row on the edge 5b e, fig. 356, 
would intercept proportional parts of the edges db d, 
bc, and consequently if the whole of b d were inter- 
cepted by the new plane, the whole of bc, eg, and 
eh, would be intercepted also, and d h would be the 
edge of the new plane dhc g. And we observe that 
the entire of the line b a, which is perpendicular to 
d h, would also be intercepted by the same plane. 
The ratio of 6 a: bc may therefore be taken as the 
unit of comparison for determining the laws of decre- 
ment on the terminal edges of the hexagonal prism. 

But 6 a is perpendicular to d 7, the base of the - 
equilateral triangle dz b ; 
whence db:ba:: R: sin. 60°:: 1: sa 


But Wa eS PE hain 


7 


Therefore ba: bc :: msin. 60°: 7 R. 


The law of decrement on the lateral edges of the 
prism, will be represented by the units contained in 
the ratio of the edges of the defect occasioned by such 
decrement. 
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The individual or particular prisms belonging to 
the seven preceding classes are, as we brartie seen, 
distinguishable from each other by the comparative 
lengths of two or three of their adjacent edges, or by 
the particular values of some of their plane angles. 

These plane angles may be determined by means 
of spherical trigonometry from the inclination of the 
primary planes to each other; and this inclination 
may be ascertained by measurement with the gonio- 
meter. 

But the comparative lengths of the edges can be 
deduced in no other manner than from some second- 
ary plane, which, for that purpose, must be supposed 
to have been produced by a given law of decrement. 

If for example we assume that any known second- 
ary plane has been produced by a decrenient by 1 row 
of molecules, the ratio of the edges of the defect. of 
the primary form would, as we have already seen, be 
equal to the ratio of those edges of the primary form 
of which they are respectively portions. 

If therefore we determine the ratio of the edges 
of the defect occasioned by the interference of the 
secondary plane, which we suppose to have been pro- 
duced by'a decrement by 1 row of molecules, we 
shall, if our supposition be correct, evidently obtain 
the ratio of the corresponding primary edges. 

But it may happen that the plane which we have 
supposed to result from a decrement by 1 row of 
molecules, is really produced by s some other law of 
decrement. © 

The only method we possess of discovering whether 
we have determined the true dimensions of the prism, 
is to use those dimensions for ascertaining the laws 
of decrement producing other secondary planes ; and 


w 
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if, See so applied, we find that the laws of decre- 
ment producing those planes are simple, we may 
conclude that we have determined the dimensions of 
our prism rightly ; but if the ratios we have assigned 
to the primary edges, suppose those planes esGitcsl 
by irregular and extraordinary laws of decrement, 

we may conclude that the plane which we have fib 
observed, has resulted from some other law than by 
1 row of molecules, and we must proceed to assign 
new dimensions to the prism, in conformity with the 
new law, by which we now suppose the plane first 
observed to have been produced. 
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Fig. 357. 


In this fig. df is the oblique diagonal, 

ab... horizontal diagonal, 
A i vag bd ; 

If we imagine a b, ac, bc, to be edges of a plane 
passing through the solid, that plane would be per- 
pendicular to the axis, and the line ¢ 2 e drawn upon 
it, would consequently be perpendicular to the axis. 

But the point e at which this perpendicular touches 
the plane da fb, is the middle of the diagonal d /. 
If therefore we draw fo parallel to e 2, we shall have 
on=nd. But fo=en, and fi=dc; therefore 
io = nd = on. Hence perpendiculars upon the 
axis of a rhomboid, drawn from two adjacent lateral 
solid angles, divide the axis into three equal parts. 


Its elements. 


The inclination of the adjacent planes at the su- 
perior edges will be different in different 
minerals, but may be designated generally by 


d (as 
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This angle is supposed generally to be 
measurable by the goniometer; but it may 
sometimes require to be deduced from the 
inclination of secondary planes to each other 
or to the primary. If two planes modifying 
the edge itself be used to determine the 
angle I. we must know the inclination of 
those planes to each other, and that of one 
of them on the adjacent primary plane; and 
hence the inclination of the primary planes 
is known. 

If we know the inclination of the plane a 
of the modification of the rhomboid, to the 
plane P, and call it Z, we may aeeaine f, 
from the following equation, 
cos. 30°. sin. (180°—J) 
yn ee 

It is apparent from the above fig. that if 
(180°—J) and 4 I, be taken as. two angles 
of a spherical triangle, the third angle must 
be 90°, and the side subtending the angle 
+ J, must be 30’, and hence the given equa- 
Fes is derived. } 

If we know the inclination to the plane 
P, of that plane of mod. e which replaces 
the inferior angle of the plane P, we may 
still deduce J, aes that einen: by the 
preceding formula. For plane e on P is. 
obviously 270°—J, ‘and eee eanently 
I = 270°—ce on PJ. 

The inclination of the adjacent planes at the in- 
ferior edges will consequently be (180°—Z,) 
and may be called J,. 

22 


cos. 3 /, = 


362 APPENDIX———-CALCULATION OF THE 


_RHOMBOID. 


The superior plane anéles may be called 4,, and 
may be thus found, : 
The angle 3 4, is one of the sides of the 
spherical rijasigle marked on fig. 357, whose 
angles are evidently 90°, 60°, and 3 st The 
arena formula to determine 4 A, 
7 __ RB. cos. 60° 
cos. + ‘A. er ee ck 


but as cos. 60° = os the formula becomes 


R? 
9 sin. T) 
Lateral plane angles will be (180°—4,) and 
may be called 4,. : 
Inclination of the superior edge to the axis 
may be called 4,, and may be thus found, 
The angle 6 dn, fig. 357, is the inclination 
~ required, and is the hypothenuse of the tri- 
angle already used, whence , 
cos. A, = cot. 60° cot. 4 I, 
: ated 5 
Inclination of the oblique diagonal to the axis 
may be denoted by 4,, and may be thus found, 
The angle e dz which we call ,, is the 
third side of the triangle marked on the 
figure, and may Deo igs be determined 
from the formula, 
cos. A, _ k. cos. i [ 5 
Pr ait: 60" 
Sum of the two preceding angles, being the 
inclination of an oblique diagonal to a superior 
edge, when measured over the summit, may 
be denoted by 4,. 


cos. id, = 
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The inclination of an oblique diagonal to an adja- 
cent edge, measured over the inferior angle, 
would be 180*—4,, and may be denoted by 

ee 
Ratio of a perpendicular upon the axis drawn 
from a lateral solid angle, to the axis itself, is 
as 3 tang. d,: R. 
We have already geen that dn is + of the 
axis di, 
anddn:nb::R: tang. 4, 
Thereforedi = 3dn:ab::3R: tang. 4, 
:: R:jtang.d4,. 
Ratio of £ the oblique diagonal, to 1 the hori- 
zontal diagonal, as R : tang, £ 4,. 
Ratio of 3 of the axis : 4 half the oblique dia- 
gonal :: cos. 4, :R.. > } 
Ratio of 3 of the axis : 1 the horizontal dia- 
gonal :: cot.4, : tang. 60°. 
For dn: ne:: tang. (90°—A,):R 
:: cot. 4, :R 
and eb: ne:: tang. 60°: R 
Therefore dn : € b :: cot. 4, : tang. 60°. 
Ratio of } an oblique diagonal : an edge 
:: cos. 2 4, : R, ? 
Ratio of { a horizontal diagonal.: an edge 


:: sin, 2 A, : R. 


922 
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Tis units of comparison. 


The following are the units of comparison in rela- 
tion to the decrements producing the several classes 
of modifications contained in the tables. 

iA 


Class b, c, e, gk, unit a being the ratio 


_of £an oblique diagonal 


: an edge. 
des | ie 
Class h, the unit is pie ee , when the rhomboid 
5 
is acute. 
anid sin. 1 A, 


cos. (4 ,—90")’ ig 
when it is obtuse. 
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This unit is the ratio of eb: bn, fig. 398 and 399, 
- bn being perpendicular on gn, which is parallel to 
df. Fig. 398 represents an acute rhomboid, 
inwhich eb: b fj orbg:: sin. id4,:R 

bn:b g :: cos. (90°—4,): R::sn.4,: Kt 
therefore eb: bn :: sin't A, : sin. 4,. | 

Fig. 599 represents an obtuse rhomboid, 
in which ¢6 : bg :: sin. 4, :R 

bn:b g :: cos. (A,—90"°): R 
and. ..eb:bn:: sin. 4 oe : cos. (4 ,—90°). 

If in fe 358 we suppose cp a portion of the oblique 
diagonal produced, and in both 398 and 399, d p 
| parallel to bn, the assumed value of b n ath) be 
readily perceived. 

The unit of comparison, in pein to decrements 
producing the classes d, f, 7, and /, is the ratio of the 
edges and is consequently = 1. | 

Ii relation to class n, it is that of two equal per- 
pendiculars / a, 7c, on a superior edge, drawn from 
_ two lateral angles; and in relation to class p, it is 
that of two equal perpendiculars 4 a, hk, on an in- 
ferior edge, drawn from the parallel superior edges, 
and it is consequently in both cases = 1. 


The determination of the laws of decrement affect- 
ing the rhomboid, and the developement of the 
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various relations between that primary form and its 
numerous secondary forms, occupy a considerable 
portion of the Abbé Hatiy’s crystallographical re- 
searches. Some, however, of the relations he has 
demonstrated, though curious in themselves, are not 
immediately useful to the mineralogist for deter- 
mining the mineral species to which a given crystal 
Belang. 

Little more will be attempted here than to give an 
outline of a method of determining the laws of decre- 
ment, similar to that which has been applied to the 
other classes of primary forms; and it is hoped that 
this will supply the mineralogist with as much assist- 
ance as his purposes will generally require. — 


Simple and mixed decrements on the superior and 
inferior angles. 


The planes produced by these are contained im the 
classes b, c, € g, and k. 

Let us be supposed to have measured the incli- 
nation of one of the planes } on an adjacent primary 
plane, or of one of the planes c, over the summit on 
a primary plane, and if we call the measured angle 
I,, the ratio of the portions of the oblique aikgnnilh 
and edge contained in the defect, would be as 

sin. (I,—A,) : sin. (180°—J,), 
cos. tf ‘ 
and if we divide this ratio by Sas eth we shall 
obtain the law of decrement producing the apt we 
have measured. 

Let us suppose the inclination of one of the planes 
belonging to the classes e, g, or k, on that primary — 
plane which is intersected by the modifying plane . - 
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parallel to its diagonal, to be called I, the ratio of 
the edges of the defect will be as 

sin. ([,—A,): sin. (180°—T,). 
This being divided as before hy cos. 4, : R, will 
give the law of decrement producing the plane we 
have measured. 


_ Simple and mixed decrements on the lateral angles. 


Let us suppose the inclination known of the pri- 
_ Mary plane P, to one of the adjacent planes of mod. h, 
and let this be called Z,. The angle measured, 
would be in the plane eb n, fig. 358. Andase d is 
perpendicular to 6 n, the ratio of the edges of the 
defect would be as radius to tang. of the supplement 
of the measured angle; and this being divided by 
_ cos. 74, : R, will give the required law of decrement. 


Intermediary decrements on the terminal solid angles. 


The general symbol representing a single plane of 
mod. d is (Bp B’g B"r). Wa 

The values of the indices p, g, and r may be dis- 
covered from the inclination of the particular plane 
represented by that symbol, on the two adjacent pri- 
mary planes, by means of a spherical triangle, and 
the plane triangles, adapted in the manner already 
described. , 


— Intermediary decrements on the lateral solid angles. 


These, as we have already seen in our account of 
the symbols representing the planes produced by 
them, may be réferred to the angle at O, or to that 
at E. Let the plane from which we are about to 
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‘deduce our required law of decrement be one of those 
which appears on the angle at O. 

There are, as may be seen in the tables, three 
classes of modifications produced by these decre- | 
ments, being classes f, 7, and 1. t 

The aatincton between these three classes has 
been already pointed out in the table of modifications 
of the rhomboid, and in p. 279, where their several 
relations to the theory of decrements are given. 

The general symbol representing one of the planes 
at the angle O, belonging to either of these modifi- 
cations, is (D’q b”r Dp), and the particular value of 
the ‘indices may be discovered, in relation to any 
particular modification belonging to either class, by 
measuring the inclination to the two primary planes 
adjacent to the edge b”, of the plane represented by 
the above symbol; and finding the plane angles of 
the defect adjacent to the edge b’, by means of a — 
spherical triangle, and thence deducing the ratio of 
the edges of the defect in the manner already de- 
ie Ne 

The indices of the individual modifications belong- 
ing to class f will be found in a constant ratio to each 
sete This results from the condition that the edge — 
at which the modifying planes intersect each other — 
shall be parallel to the axis of the rhomboid. 

Let the index p be > qg, andg >r. 

The relations between p, g, and r, may be thus" 
stated, 

pq q—-N= qr 
14 Vaptl = p 
TaN 32 BOTT 


2 inten et =q-1= P 


mS 
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--And the manner of deducing these may be given as 
an exainple of one of the methods* of analysis appli- 
cable to these investigations. | 

The general equation of a plane in relation to 
three co-ordinate axes, is known to be 

Ac+By+Cz:+D=o. 

Let the distances from the origin at which the 
plane cuts the three axes, be represented by p, q, 
and 7. | 

We shall then have the following equations of the 
points where the axes are cut by the plane. 

For the point on the axis x we have + — an 

BAU Mal saute ozs ge 
ei epee iets, Me 

‘To find the values of the co-efficients A B C D, in 
function of the quantities p, g, and r, with a view to 
substitute those quantities in the general equation 
for the co-efficients A, B, C, and D, 


Let y= 0, z=0, and x = —? 
| A 
es Satter yp aD 
Gia) a Soh ee are 
eet Oye Of Oye, te gen D 
use. C 
Therefore = p, whence A = =D 
vr 3 p 
—D je 
Teak on te Misi cs Ra. - 
B Abeer, Fg i 
—D —D 


Si ne. arn C= 
C r 
* This method of determining the relations that may exist among 
crystals, has been used in a paper published by Mr. Levy in the 
Edinburgh Philosophical Journal, relative to another object which will 
be referred to in a later part of this Appendix, 


SA 
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_The general equation may therefore be thus ex- 
pressed, 


=De 4 Pyy mPa = _—D 


or, SAyiding all the terms by —D, it.may be reduced 
to this nerd form, . . 7 


obi rey 


Let the plane a de, fig. 360, represent one of the 7 
planes belonging to class /; whose indices are p, q, 
and r; and let 


6-6 - pi 
od= q, 
Dk tes, ok 


the equation of this plane will then be, 
Wh ey on eee | 
| Pp q 

But as the line afat which the two planes of mod. f- 
intersect each other, is parallel to the axis of the — 


rhomboid, and passes through one of its superior 
edges, it might obviously be on the surface of some 
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plane may be thus expressed, 


Ce ta 


From the character of the planes of mod. e, the 
index p’ is always = 2r, | 

Knowing the relation of p! tor, we may discover 
the relations of pand q tor, by finding their relations 
to p'; and these relations may be known from the 
equations of the traces of the two planes on the plane 
of the x y, when referred to the point f. 

The equations of these traces are obtained by 
making s = o in the two preceding equations, whence 


the equation of the trace d €, is md f- Y— | (1) 

fp q 

BN OL DO eo fie, gems tt me dD) 
| P 


F 
But as both traces pass through the point fj the 


values of x and of ¥ must be equal in both equations. 


Hence from equation (1), 7 ace My UN 


(2),y¥ > pi —. x 


Therefore . . g — 22 =p —x 
oe 

ca ed = p! —yW 
P 


Paysesd 
P 
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In the like manner we may find: 


PPK sala, 
j 2 
: q 
But at the point ff «= y, 
4 ad yy 
Fy YS ay mee Loto Digs Newent 
‘ YaBB aga, baat 
P q 
WDENCE Gs et: fae 2P4q 
P+4 
gd ant 
P ~ . 2q—p' 
aa Ory ai LN i“ 
q ees 
2 p——p' 


* As we know that p' = 2r, and that r cannot be 
less than 1, p’ cannot be less than 2; and it must, in 
relation to any particular plane of mod. e, be Fa 
2,4, 6, 8, or some greater even number, according 
to the number of molecules supposed to be contained 
in the defect occasioned by that plane. 

It may be easily seen that when p' = 2, we must 


have g = 


But as the indices of planes 6 oliaefl by inter- | 
mediary decrements must be whole numbers, it fol- 
lows that the planes abc, and adc, cannot both 
pass through the point f, unless p’ be greater than < 

Ligh pyc Acaartl dace . 

i PY 
24 
q—2 

If we regard the figure 360, we may perceive that 

if o b, which we have called p', be considered equal 


whence p = 


Q 
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to 4, the line o d, which we have called g, must be 
greater than 2; for as the line dc is equally divided 
at the point f, if do = d 6, the line df would be 
parallel to oc. 

Therefore when p' = 4, we must have q = 3, and 
consequently p = 6. | | 


i | 
And as 7 = Bo if we suppose the value of g to be 
successively increased to 4, 5, 6, &c. we shall have 


the following series of indices to represent the series 
_ of planes of class /f. 


Diiu00 g— 3 r=. 
A? : A nets 
. 20 5 4 
: . 30 6 5 
AQ : 7 nine, xO 

&c. 


From what has been stated in the preceding pages, 
it will be readily perceived, that when, in addition to 
the inclination of the primary planes to each other, 
we know the unit of comparison, and the inclination 
of the secondary plane to the primary plane along 
which the decrement is conceived to proceed, we 
may immediately determine the law of decrement. 
_ For we can from these data directly deduce the ratio 
of the lines of the defect corresponding with those 
from whence we derive our unit; and if we divide this 
ratio by our assumed unit, we obtain, as we have 
_ before observed, the law of decrement producing the 
plane we have measured. 
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The preceding sketch of the methods of discovering 
the laws of decrement, will, it-is hoped, be generally 
found ‘sufficient for that purpose, when the angles at 
which the secondary planes incline on the primary 
are known, and’ where the ratios of the edges or 
other lines already described are also known. 

But it very frequently happens that the whole of 
the primary planes are obliterated by such an ex- 
tension of the secondary planes, as produces an entire 
secondary crystal. In these cases we must recur to 
cleavage for determining the relative positions of the 
primary and Patan dhe, planes, and for measuring 
the angle at which they meet. The cleavage planes 
which we may adopt as the primary set, if more than 
one set be discoverable, should be ee which are 
most compatible with the observed secondary forms. 


Having thus given an outline of the solution of our 
first problem, by shewing how the laws of decrement 
may be determined from certain data, we shall pro- 
ceed te examine the second, and to ascertain how the 
angles may be determined at which the secondary 
planes incline on the primary, the elements of the: pri- 
mary form, and the law of decrement, being known. | 

The methods used for determining these angles, 
will be nearly similar to those already described for 
determining the laws of decrement. 

The plane triangles which have been used for 
determining the laws of decrement, have been both — 
night-angled and oblique. : 

Where a law of decrement is expressed by means 
ef the ratio of the sides of a right-angled triangle, the 
angles are readily found by reducing the ratio to that — 
of radius, and tangent of the required angle. 
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Let fig. 361 represent a section of any crystal whose 

planes ie ag, are perpendicular to each other, and 
let the lines bc, dd, be, be sections of planes niece 
ing the edge or angle g af. 
_ Thus let us suppose that we have the law of decre- 
_ ment given by which the plane dc has been produced; 
and let the required angle gc b be called J. 

Let the ascertained ratio of the edges ag, af, be 


_ as5: 4, and the law of decrement. producing the 


plane b c, be 1 row of molecules. 


It follows thatocs ob eB a Tie, 


But we also have ac: ab :: R : tang. (180°—J) 
_ therefore a = tang. (180°—J) 
and °8, in the table of natural tangents, is s the tang. 


of angle 38° 40’ nearly, = 180°—J;: 
therefore I = 180°—(38° 40’) = 141° 90". 


If we suppose bd the section of a plane resulting 
from a decrement by 2 rows in breadth, we should © 
obviously have 


ad:ab:: 1:4 Breede. 


And if we call the angle g d b, I', we must have — 
ad:ab:: R. tang. (180°—Z') 
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whence é ee 4 = tan (180°—J') = 21° 48! nearly, 
hence J’ = 180°—(21° 48’) = 158° 12’. 


By this method we may in all similar cases deter- 
mine any required angle, whatever may be the ratio 
ofag:af. 

Where the planes ac, ab, are not at right angles 
to each other, the angle c ab, may be either acute 
or obtuse. In either case knowing the angle ca 6, 
and the particular values of ac and a b, deduced 
from the known ratio of m:, and from the given 
law of decrement, we may obtain the angle a Cc frail 
the formula 


ad tang. = Fe 
tang. NT femme ROMS SR 
/ 
s 
where d = difference of required angles, 
- d' = difference of given sides, 
s sum of Keuarred angles = = 180° —given 
angle. 
s’ = sum a given sides. 


Where spherical, triangles have been used for de- 
termining the law of decrement, they may also be 
used for determining the angles of the secondary 
planes with the primary, the law of decrement being 
known; with this difference however, that where in — 
the former examples we have sought the sides of 
those triangles, knowing the angles, we have now to 
determine the angles from the given sides: and the 
sides are known from the plane angles of the primary 
crystal, and from the ratio of the edges of the defect 
of the primary form, as deduced from the ratios of 
the corresponding primary edges, and the law of de- 
crement. | 
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' The preceding. parts of this section suppose the 
angles: known at which the secondary plane whose 
law of decrement igs required, inclines on one or 
more of the primary planes. But it may sometimes 
occur that the inclination of the secondary on the 
primary planes cannot be directly obtained. In cer- 
tain cases, where this happens, the laws of decrement 
may be deduced from the inclination of the secondary 
planes to each other. 

We shall suppose in the following examples of one 
or two particular and simple cases of this nature, that 


the unit of comparison is expressed by ™, and the 
ratio of the edges or other lines of the defect by 


pm Whence ? will express the law of decre- 
qn 

ment by p molecules in breadth and g elecnles, in 

height. | 
It has been already stated that where an edge is 

replaced by two similar planes, m will alee be 


found to equal z, and the fraction ?”’, or its equi- 
; a Ae 


valent P when reduced to its lowest terms in whole 
8 


numbers, will express the ratio of the edges oF the: 
defect. | 


1. Let us suppose wit edge of a cube replaced by 
| 2 similar planes as in mod. Js or the lateral 
edge of a right square prism, as in mod. e. 
And let the inclination of the secondary planes 


to each other be called J. We shall find 
ins R 


g tang. (2 I=A5°*) 


a 8 


378 = =APPENDIX———CALCULATION OF THE 


and the inclination of either of the new planes 
on the ain primary a would be 
= 225°— 


2. Let the lateral edges of the right or oblique 

| rhombic prism, or any edge of the rhomboid 

be modified by 2 similar planes, and let the 

_ inclination of the primary planes to each other 

= I, and that of the secondary planes to each 
other = I’. 

Then 2. = sin. [180-4 I'- ies I)) 
sin. (4 CD ASD 5 
And the inclination of either ‘OF the new planes 
on the adjacent primary planes would be 


= 180° I-47’. 


The following application to a particular case of 
the proposed methods of calculation, will probably 
be sufficient to illustrate their general use. 

‘It will be found convenient, if we have to deter- 
mine the laws of decrement producing secondary 
planes upon any primary form, to determine in 
the first place the particular values of such of the 
elements of that form as we may require for ascer- 
taining those laws of decrement; and the values 
so determined may be reserved for any future occa- 
sion. 

Let it be required to determine the ef Gents of 
the rhomboid of carbonate of lime: | 
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Here the angle 


I, = 105° 5’ 

Do 20.55! 

A j= 101° 55’. ; 

We at seen that cos, oo, 0 BA Loos 
2 sin. 3 J, 


By means of the tables of logarithms we find the 
angle 44,, thus, | 


ges BA OOPS FS oh Mere ge cae 
Og:.2 ys) el Fens nee .0°9010300 
_ log. sin. 27, = 
log. sin. 52° 32' 30 = 9-8997088 
| —— 102007388 


Therefore... log. cos.3 4, = 9-7999612 


Therefore £4, = 50° 57! 30", and consequently 
vs Been 101° 55’. 
Ae 71S) 5 
A, = 63° A4' 45", which may be found thus from the 


formula... cos. 4; = SSRN pele 


cot. 60° cot. 52° 39’ 30” 


ae 
(mm ee 


R 
log, cot. 60° . . = 9.7614394 
log. cot. 52° 32! 30" = 9.8843264 

| 19.6457658 


log. cos. 4, . . «= 9.6457658 
~ Therefore angle 4, = 63° 44’ 45". 


slog. HF. ecapanhce AO: 


a ee 
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A, == 45° 23' 96", which may be thus found. 
R.:cos.2. 0). 2.R. cos. /52082' 30!s,\. 
is aD sin. 60° 

Lago ea See 

log. cos. 52° 32’ 30” =  9-7840353 


0) igs Ba 


3 19: 7840353 
log. sin. 60° 2. = = 9°9375306 
log.cos. 4, . . = ~ 9-8465047 


Therefore angle A, = 45° 23! 26”. 
(A: eo POO Le 
Vo = 70° 51’ 49". 

The following ratios may be known from the tables 
of natural sines, &c. when we require the nearest 
whole numbers by which they may be represented; 
or their logarithms may be taken from the tables, 
when we use logarithms only in our calculations, 


Perpendicular on axis drawn from lateral solid 

angle: axis :: 4 tan.4,: R:: 4 tang. 63° 44’ 45”: R 
; + 2:0274979 : 1 :: -6758093 : I. 

This may be reduced with sufficient accuracy to 
its lowest equivalent terms in whole numbers, by 
means of a common sliding rule, and will be found 
as 23: 34 very nearly. | 

Or if the logarithms be required, we have 
log. tang. 63° ad 45" = 10°3069454 
log..3 ajith s ji th 4779213: 


9°2298241 
IG EG ss, etl eee cee eee 


Ea 


— 0:0701759 
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z oblique. eee 
wr tis FAG 2h, : aan 
: 17: 21 very néarly. 
Ofer. "Rh: Oa! 
log. tang. 50" st! 30” 


5 axis 
:: cos. 63° 44! 
nearly. . 
or log. cos. 63° 44! 45" 


AD"; 


: $ oblique diagonal :: 


R :: *4493539:: 1 :: 


38 L. 


R 
1 : 1:2330626 


¥ horizontal diagonal :: 
50° 57! 30" :: 


10: 
100909851 — 


0-0909851 


cos. A, : R 
31:70 very 


= 9°6457698 . 
dees Tih: er. aveed. oft > ibOrs 
| — 03542302 
5 axis : j horizontal diagonal :: cos. 3 4, : tang. 14. 
22 COS. Si 5a) 22" ; tang. 50° 37’ 30” :: -849227 
: 12530626 :: 11 : 16 nearly. | 
or log. cos. 31° 52’ 92” = 9-9990916 
_ log. tang. 50° 57’ 30" = 10-0909851 
om 0 1619635 
1 oblique diagonal : edge :: cos. 4,:R 
::, cos. 50° 57’ 30’: R :: 6298254: 1:: 12: 19 nearly. 


or log. cos. 50° 57’ 30” 
log. Ro. 


2 horizontal diagonal : edge | 
‘7766881 : 1: 


:: sin. 50° 57' 30”: R:: 
or log. sin. 50° 57' 30” 
log. R se 


9-7992615 
10: 


eo ——————— 


0 2007385 


ll 


isin A, 2 OCT bas 
7: 9 nearly. 
9°8902466 
10° 


ll Tl 


0:1097534 
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4 ther dente diagonal : perpendicular bn (fig. 358 & 9) 
sin. 1A, : - cos. (4 ,—90%) :: sine 50° 57’ 30! 
: COS. 19° 9) 11" :: *7766881 : 9447409 :: 46: 56 — 
or log. sin. 50° 57’ 80” = 9:8902466 
io, cos. 197 Schl) iis HOTSF1IS 


— 0:°0850662 


Having. thus | determined : the. elements of the 
rhomboid of carbonate of lime, which we may  re- 
mark are all deduced from the single angle J,, we 
may proceed to.determine the laws of decrement 
producing any of its observed secondary planes. 

Let us now suppose that we have measured the 
inclination to the plane P, of a plane belonging to 
class 5 of the rhomboid, aon that we have found it a 
143° 98’. 

We have already seen in p. 366, that the ratio of 
those lines of the defect occasioned by the planes @, 
from which the law of decrement is to be dadnadd, 
may be expressed by the fraction 

sin. (1,—A,) 
sin. (180° PLL, s : 
In relation to the plane we have nivastited’s we find 
OT, = 148° 98" 
and we have found menor MOR St hd 


therefore J, —A, ety seme eae 1 OY Ey? 


and 180°--f, is Ge sdierienieie! 36° 32. 


The ratio of those lines of the defect from which 
the law of decrement may be deduced, is therefore, ' 
in this particular case ? 

sin. 34° 19! 49" 
sin. 36° 32’ 
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If we recur to the tables of natural sines, we shall 
find the numbers constituting this ratio to be nearly 
ee which fraction being reduced to its lowest 


terms will be 18 
19° 


_ This, as we have already shewn, is to. be divided 
by the unit of comparison; which in this instance is 
the ratio of 4 the oblique diagonal to an edge, and 
has been found equal to ts | 


But to divide = by _ we must invert the terms 


_ of the latter fraction, and then multiply the first 


by it. 

Hence i 4 “ at - Ea M which gives a law of 
_ decrement by 3 rows in breadth and 2 in height pro- 
ceeding along the plane P. 

If however instead of using the natural sines, &c. 
we use only logarithms, the law of decrement may be 
thus determined. 
log. sin. 34° 19’ 49" = 9-7512503 
log. sin. 36” 32! = 9-7747288 


— 0:0234783 


_To divide this by the unit of comparison, we must 
subtract the logarithm of that unit, which is given in 
p. 381, from the above logarithm of the ratio of the 
edges of the defect; thie: may be done by the ordi- | 
nary method of suhtiectne algebraic quantities, by 
changing the sign of the quantity ‘to be subtracted 
and her aadtne : 
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Whence iftoc24 0-0934783 
we add . . + 0:2007385 


we have ph 0: iba Ne as the ib eerithys 


of the natural number which is ia determine the law 
of decrement. 

But the natural number corresponding to 0° 1772602 
is 1504, and which, if we disregard the last figure, 
4, may obviously be alyiraasetl by the fraction 
Sa — a a result similar to that which has been 


already found by means of the natural sines. 


Fig. 362. 


Let us next require the law of an intermediary 
decrement producing a particular modification of the 
rhomboid belonging to class d. And let us suppose 
that we have measured the inclination to Pand P’, of 
that. plane with the letter d upon it, which rests 
on P’, see fig. p. 204. 

Let don P be found = 132° 13’ 

PROPS 6 IRI RP a ace C20 
Hence 180°—132° 13’ = - AT? 47', which we may call Ts 
and 180°—145°57 = 34.3. we a ee 
T, it will be recollected is 105° 5’. 
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We first require the plane angles ie af g, fig. 
362, which may be thus found. 


sin. zVefd= 
R / = EOL LT) om FOTO) 
| GRE eich UO AU ae PTR ca Dr 


sin. = \/dfg= 


—Cos. iq, +5416) cos. 
_ sin. JZ, sin. 7, 


741, 


But J, = 105° 5! 
te ae eae 


152° ae Pde e ppak® 3! me 3BO" By x a which 
is 93° 27’ 30 
ENS he) WS? HOt PY gay 3'=118° A9', 4 of which 
is ‘59? 24' 30 


| Again I, = 105° 5’ 
des Se D 


139° 8'--T;, 47° A7'=186° 55! £ of which 

—_—_—— : & 18, 93°,27' 304 

and .... 139°8’ — 47° A7'= 91° QI’, 1 of which 
| is 45° 40’ 30”. 
The preceding general formule therefore become, 


sin.  \/ ef 0 — 


R —cos. 93° 27' 30!’ cos.,59° 24! 30" - 
ae ) gin. HS! 5’ sim. Ae AT’ 
} sin. 3 ry i a 


R (Vs 93° 27" 30" cos. 45° 40" 30" 
sin 105° 5’ sin. 34° 3! 
These equations may be resolved by the assistance 
of the table of logarithms in the following manner. 


oC 
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log.—cos. 93° 27' 36"=1; cos. 86° 32! 30" = = 87804792 


log. cos. 59° 94 30" we ce 97066463 


18-487 1255 
log. sin. 105° 5’=1. sin. 74° 55'=9-9847740 
log. sin. 47° AT hy, . ==9°8695891 
et AY 8543631 
T'o extract the square root of this quotient, —|] 3672376 “7 
iva it ° 2, ands is= — 0° 6836188 
log. R. ie ® e -) ry ; e e cert tA hy a 
log. sin. 3 \/ ef sal) die thelr otwey rr 


therefore 3 Nee e seh oon 28", and cohsequently 
Vv ef d = 23° 5A! 56". | 


log.—cos. 93° 27! 30"=1. cos. 86° 32’ 30” = 8.7804792 
log. cos. 45°40! 30" 5. - + ee = = 9'8443079 


; 18°624787 71 
log. sin. 105° 5'=I.sin.74° 55'=9-9847740 


log. sin. 34°3' 2. =9-7481230 


— = 19-7328070 | 


dipadithp Bul ti aa ~ 1-1081099 
: and 4.is _ 05540549 — 
Voges Bay. heheh Ss iegate e = 10: ——— 


log. sin, F272 6 orcs os oe 


Therefore + \/ d f g == 16° 12) 49", and esiasuea tlenthy : 


\/ df g = 32° 25' 38". 
Now as we know the angle edf=fdg = 10D’ api 
we therefore know the angle def = 45° 10! 4" 
and d g f = 45° 39! 22" 


and hence df: de :: sin. 54° 10’ 4: sin. 23° 54’ 56" : 


3: 8107 >; 4054 
33 A ci 


Sn ee ae ee 
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and ... df:dg°:: sin.45°39' 22" : sin. 32°.25' 38” 
> 7152 : 5360 
2: A 7 ne 
If we again dispense with the use of natural sines, 
we may still derive the same result by means of the 
logarithms of those sines. 
For log. sin. 54° 10’ 4" = 9-9088794 
log. sin. 23° 54’ 56’ = 9-6078695. 


0- 3010099 


The natural number corresponding to this result- 
ing log. is 2 very nearly, which may be represented 
by the fraction 2 ze 

Ee 2 
And log. sin. 45° 39! 22 = 9-8544077 
log. sin. 32° 25’ $8" = 9:7993493 


0-1250584 


The natural number corresponding to this resulting 


log. is 1:3387 = P3337 —* which gives the s same 


| 1-0000 5 
law of decrement as that already. found. 

The general symbol to represent the plane e f g, 
‘would be (B’r Bp B’q), and. its particular symbol 
will be found by substituting in this general symbol, 
for the letters p, g, andr, the particular values of 
the indices as we have just found them. We shall 
then have the symbol (B/2 B4 B’3), which repre- 
sents this particular plane, and signifies that the 
compound molecule abstracted in the production of 
this plane belongs to a treble plate, or is 3 molecules 
in height, 2 in the direction of the edge B’, and 4 in 
the direction of the edge B. . 


o 6-2 
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Let us now require the inclination to the primary 
planes, of the planes whose law of decrement we 
have just determined. 

And first of the plane e ic, fig. 362, whose symbol 


is A. 


4 


The inclination of this plane to the primary is equal 
to the angle a b c, fig. 362; to obtain which we sata 
first choke the angle dc. 

The law of Seeeciheat being 3 molecules in breadth 
and 2 in height, and the decrement in breadth being 
‘measured by 7 an oblique diagonal and an edge, it 
follows that the ratio of the lines of the defect may 
be thus expressed, 

db:dc:: 3half oblique diagonals : 2 edges. 
But we have before seen that — | 
4 oblique diagonal : edge :: 12 : 19 — 
we have therefore db: dc ::312: 219:: 36: 38. 

The sum of the sides db, dc, of the triangle db c 
is therefore 38-36 = 74; and their difference is 
38 — 36 = 2, 

The angle d bc which we require, is evidently the 
greater of the two angles d bc anddc b. 

Now the sum of hone two angles is 

180°—A, = 180°—109° 8’ 11" = 1h 51! A9” of jehach 
-Syeaiep" 95! 5A". 

But to find the greater angle, we must also know 
their difference, which we may discover by means of 
the general formula given in p. 376. 

d' tang. 7s 

s! 
which formula in relation to this particular case be- 
comes | 


tang. id = 


2 tang. 35° 25! 54" 
TA. 


tang. id 
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From the tables of logarithms we find 
logs 2) 8 0) .\ 8e'0°3010800 
log. tang. 35° 25! 54" — 9:8591719 


_———. «6 


10-1532019 
log. 74 . 2... == 18699317 


Ne es 


ee 


log. tang. id . 2 = 8:2839702 


Therefore | : 
z difference of the anglesdbcanddcb—= 1° 6' 6! 
_ and 3 their sum DEMOON Pulse teo at sh See a g 


——— 


the greater angledbc . . 2...) = 86° 32! 


and V cba is consequently 180’—36" 32’=143° 28". 
If we turn to p. 382, we may observe that this 
angle is the same we are supposed to have found by 

Measurement, and from which we have deduced the 

law of decrement. 


We shall now se ihe inclination of the plane 
ef g to each of the adjacent primary planes, from 
the known law of decrement producing it, and from 
the known angles J, and 4,. : 

The symbol of this plane being as we have already 
seen (B/2 B4 B’3), the edges fs Ef, ¢ g,,of fig. 362, 
are as follows, 


BE —Ke 
Gp cel 
Lie as 3 


The angle e af, or fd g, corresponds to A,, which 
_ has been found = 101° 55’. 
- Consequently the sum of the unknown shales dfe 
and def, ordfganddg f, is = 78° 5’. 
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We require the plane angles d:fe, and d fg, which 
are evidently less than d e fand d g f. 


1. To find the angle d fe, from the formula 
d' tang. 4 
tang. 3d = — a 
we have df-+de=4+2=6 
df—de=4—2=2 
and 1 the sum of the unknown angles—39° 2’ 30” 
Qtane. 39° 9 2' 30" 
log. 2. ‘= 03010300 
log. tang. 39° 9) 30" = 9:9090149 


—saase 


; 102100449 
FA: ES RTM timate A EN 


therefore tang. 4d = 


‘long. tang. Ed. = 94318936. 

Therefore 4 the difference of the unknown 

angles = 15° 7' 38” 

and consequently\/d fe —39° 2’ 30"”—15° 7’ 38" 
RM Yt, 285 Yi ps» 


2. To find the angle a 
easy, Cami J =4+3=7 
df—fg=4—3=1 
and 1 s as before = 39° 2’ 30” 
therefore tang. ¢ d A Sas 9° 2! 30" 
log. tang. 39° 2’ 30” = 9-9090149 
Log Wee sce is oe OSE Oa 


log. tang.id.. . = 9:0639169 


therefore 4 d = 6° 36’ 31" 
and \/ df g o—39° 2’ 30"—6° 36’ 31” 32? 25' 59", 
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Having thus found the plane angles dfe, df g, 
which may be regarded as the sides of a spherical 
triangle, we may from these and the angle J,, deduce 
the values of the angles subtended by these sides. 


Let us call the angle subtended by the side df g, 
J,;, and that subtended by d fe, J,. 
We have v dfg + vd f e= 32’ 25' 59"4-93° 54’ 52” 
| = 56° 20' 51" 
Vv dfg — vd f e=32’ 25! 59!'—23° 54’ 52” 
a Bi 7 
and 4 56° 20’ 51” = 28° 10! 25" 
RE SAE cy Malle el eS © a8 
EN tas 02 S200", 
Having thus two of the sides and an angle, of a 
' spherical triangle, whose other angles are f, and I,, 
we may find 4 the sum, and § the difference, of the 
angles J, and J,, and thence the value of each, in 
the following manner. . 


1. To find j their sum. 
: 3 » NCL. 92 oo gO” cos.4? 15! 33! 
tang. 11611, = ——~ oo 10" 25" 
log. cot. 52° 32' 30" = 9-8843264 
log. cos. 4° 15'32 = 9:9987989° 


19-8831253 
lox. cos. 28” 10’ 25" = 9-9452316 


log. tang. (1,42, = 9:9378937 


Therefore + (I,+I,) AO Do 2" 


892 
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2. To jind 3 their difference. 


tang. 4(1,—I,) = 


cot. 52° 39! 30!" sin.4° 15! 33” 
sin. 28° 10! 25" 
log. cot. 52° 32’ 30" = 9-8843964 


log. sin. 4° 15' 82” = 88707728 


(ee eee Se Lene ne 


18:7550992 


log. sin. 28° 10’ 26” = 9-6740791 


ee re ee ee 


Jog. tang.  (I5—Z,) = 9:0810201 : 


ihenetor’ + (£,—I,) = 0° 52! 18" 
Therefore 
Is = 40° 55 2" fer 6° 52/18" = A7°A7' 90" 
I, = 40° 55’ 2" — 6° 52’ 18’ = 84° 2! 44" 
and the inclination of the plane ayia is con- 


sequently 


on P = 180°—47’ 47' 90" — 132° 19! 49” 
Pp’ = 180°—34° 2! AA” — 145° 57 16" 


which are very nearly the angles we are sup- 


posed to have found by measurement of the_ 
crystal, as given in p. 384, and from which we 
deduced tlie law of decrement we have here 
supposed to be known. 


The instances here selected to illustrate the me- 
thods of calculation previously described, are among 
the most complicated that are likely to occur; and 
they have been so selected, because they contain more 
of the varieties of formule than will commonly pre- 
sent themselves during our researches. 


ON THE DIRECT DETERMINATION OF 
THE LAWS OF DECREMENT FROM THE 
PARALLELISM OF THE SECONDARY 
EDGES OF CRYSTALS. 


Tue resources of crystallography for determining 
the laws of decrement by which secondary planes are 
‘produced, are not limited to the methods already 
explained. In certain cases those laws may be deter- 
mined, independently of the angle at which the 
secondary plane inclines on the primary, by means of 
the parallelisms which are observed to exist between 
‘two of the edges of the secondary plane, and two 
other known edges of the crystal ; or sometimes one 
known edge, and a diagonal. of the primary form. 

One of the simplest instances of the distinctive 
character conferred on a secondary plane by the paral - 
lelism of its edges, is that by which the planes 
produced by simple or mixed decrements are dis- 
tinguished’ from those produced by intermediary 
decrements. | | 

We may also refer for an illustration to the tables of 
modifications of the right square prism. The paral- 
lelism of the lateral edges of the plane d, to the 
lateral edge of the prism, implies that plane d.is pro- 

3D 
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duced by a simple or mixed decrement on a lateral 
edge of the prism ;* and the parallelism of the diago- 
nal of the terminal plane, to the edge at which the 
secondary plane d intersects that plane, indicates a 
decrement by I row on the lateral edge of the prism ; 
for itis obvious that the edges of the defect are here 
proportional to the primary edges. 

Cases however of a much more complicated nature 
may be determined by means of the parallelism | of 
the edges of crystals. | 

We are indebted to the Abbé Haity for the earliest 

observations which occur on this. subject. He re- 
marked, among other instances, that whenever the 
terminal edges, and the solid angles, of the hex- 
agonal prism, were replaced at the same time, if 
the decrement in breadth on. the edge happened to 
be double that. on the angle, the opposite edges of 
the plane replacing the solid angle would be snort | 
Jel, and the figure of that plane. would be a rhomb.., 
_ A memoir Ne Mr. Monteiro, on the determination 
of the law. of decrement producing a new variety of 
carbonate of lime, . was inserted in No. 201. of the 
Journal des Mines for. September 1813, and‘an out- 
line of it,is given here as an example, of the method 
used to determine that law... This memoir illustrates 
the utility of this method of determining the laws of 
decrement, by .its application. to a.case where the 
angle could not be measured at which the secondary 
eo whose law of decrement. was required, inclined 
on the. primary, or on any other plane, whose rela- 
tion to the primary was known. 


™ Itis enacen that the plane d is parallel to te pe it PAE. 
and it ‘may be observed generally, that whenever the, edges of a 
secondary plane are. cate the igh itself i is parallel to the edge it 
replaces. ; efi 
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Mr. Monteiro had undertaken to describe a new 
crystal of carbonate of lime, as exhibited in fig. 363, 
the planes o of which were'so imperfect, that they 
could not be subjected to the goniometer, and con- 
sequently the law of decrement by which they were 
produced, could not be determined by the ordinary 
methods. 'T'wo parallelisms of their edges, however, 
enabled Mr. M. to determine that law geometrically, 
without knowing the inclination to any other plane, 
of the secondary planes in question. 7: 

The planes /, 1’, were found to correspond with 
mod. / of the rhomboid, and were observed to be stri- 
ated, as those planes frequently are, in the direction 
_ of ‘their oblique diagonals ; this direction being pa- 
ralle] to the superior edges of the primary rhomboid. 
The position of the planes /, and /', relatively to the 
_ edge of the primary form being thus known, it was 
readily perceived that the plane e corresponded with 
mod. ¢ of the same rhomboid, and the planes 0, with 
some particular modification belonging to class 0. \ 


3DdDQ 
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Fig. 364. 


Let fig. 364 represent the primary rhomboid of 
carbonate of lime. The plane 2’, fig. 363, is known 
to result from a decrement by 1 row on the superior 
edges of that rhomboid. The lines 2 /, /m, would 
therefore represent the intersections of the plane. 
l' with the primary planes, the points /, and m, being 
the middle of the edges df, and ft. cyebae 

From the middle of the edge ds, draw h 6, h f, 
and the triangle b h f would represent the position 
on the primary form, of the plane e, fig. 363. 

The planes J’ and ¢ are thus. observed to intersect 
each other at the points c and ”, and consequently 
the line c, would correspond with the common edge 
of the planes /, and e, if that edge were visible in 
fig. 363. it 

The first parallelism observed by Mr. Monteiro 
was between the line of intersection of the planes 
o' and /, and the strie on the plane/. The plane o' on. 
some of the crystals he examined, was so much broader 
than the plane o, as to exhibit this parallelism dis- 
tinctly. . | | 

_ But as the striz are parallel to an edge of the pri- 
mary form, the edge at which the plane o’ intersects 
the plane J, must be parallel to an edge of the pri- 
mary form, and evidently to the edge a 5 of fig. 364. — 

The second parallelism observed was between those J 
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edges of the plane o', which are produced by its in- 
tersection with the planes /’ and e. From this paral- 
lelism, as it has been already remarked, it is known 
that the plane o’ is itself parallel to the edge at which 
the plane / and e meet. 

We have thus obtained two conditions, which en- 
able us to place the plane o’ on the primary form. 

First an edge of that plane is parallel to the edge 
a b of fig. 364, and secondly the plane itself is paral- 
lel to, and consequently may coincide with, the line 
cn, which represents the edge at which the pais y 
and,.c meet. 

If therefore we draw the line qT, reollh toa b, 
ahd passing through the point c, and the line op, 
parallel to q7; ta passing through the point n, we. 
shall, by j joining o g, and pr, obtain the aionney oie on 
the primary form of the plane o’. 

And the ratio of gd to do, will aenceenty give e ithe 
law of decrement by which the Spi o’ has been pro- 
duced. | 
This ratio Mr. Monteiro Says is easily deduced, 
but he does not point out the method of diiteveile 
it; itis however very obvious. 


Fig. 365. 


Let the plane dfst be represented by fig. 365. 
Produce d f, and from the point f, draw h 2, partied 
to lm, whence dv =/f; and because the triangles 
ofh, Lfn, are similar, nf is evidently + of hf; and 
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if we draw 2x, parallel dh, the triangles: rt ie 
are similar, and «m= doistofd@h. 

But dh = dg, fig, 364. The plane o' is produced 
therefore by a Seotdnldnt; consisting’ of 3 rows ‘in 
breadth, on the plane db af. | 

This sdessgribiatl in it may be remarked, is purely 
geometrical, and limited in its application, to this’ 
particular case. The same method might however 
be adapted to other cases; but the problem would 
_ frequently become extremely complicated, and diffi- 
cult of solution by the aid of geometry alone. : 

Perceiving this difficulty, and the limited nature of 
the method itself} Mr. Levy has generalised the pro- 
blem by giving it an algebraical form, and has pub-" 
lished an interesting paper on the subject in the 6th 

vol. of the Edinburgh Philosophical Journal, p..227. 
In this paper, Mr. Ly has given formula for deter- 
mining the law of decrement, by which any secondary 
plane, modifying any parallelopiped, is produced, 
whenever two of the edges of that plane, not. being 
parallel to each other, are ery to two known 

edges of the crystal. 

The following brief abstract of Mr. weahies paper 
is inserted here, for the purpose of affording the 
reader a more immediate ref>rence to the formule it 
supplies; and as an additional example of a method of 
investigation, which may be advantageously applied 
to other points of crystallographical research. 

To derive these formule, Mr. Levy has first sup- 
posed the edges of the primary form to be represented 
by three eocuraifte axes, and the ptimary planes, 
consequently, to correspond to the three co-ordinate 
planes. He has then found the equations of all the 
planes concerned in the solution of the problem; 
and by combining these equations, has obtained the 
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equations of the projections upon one of the co- 
ordinate planes, of those intersections of the known | 
planes, to which the edges of the new plane are 
respectively parallel. And from the necessary rela- 
tion subsisting among the co-efficients of some of 
the terms of these equations, the following equations 
are derived. 

Let p,, 7;, 7,, be the unknown indices of the new 
plane, which we chall call plane 5. - Let Dis Gising 
and p., 72, T., be the known indices of two planes 
to whose intersection one edge of plane 5 is parallel. 
And let p,, q3, r,, and p,, Jay T4, be the known 
indices of two other planes, to whose intersection 
another edge of plane 5 is parallel, The particular 
values of the indices of the planes I, 2, 3, and 4 

being substituted for the general indices of those 

planes in the following equations, the particular 
values of the indices of plane 5 will be obtained, 
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_ The two preceding equations are the most general 
that can be imagined. 

If the known planes | and Q, be parallel to a diago- 
nal of the terminal plane of the primary form, the 
plane 5 will be parallel to the same diagonal; in 
this case p, = g,, and p, = q,; and the values of 
Ps and 25 become equal; and by reducing the above 
"5 rs 
equations, after the necessary substitutions are made, 
the following will result. 

1 


95 Ps — Ps Va 


Biakton Suen ores | sey at 
nde . (+ — 1 )+( a —,+-) 
G3", "3 (4 P38.” 4 3 Ps 

The indices of the planes I and 2, it will be re- 
marked, have disappeared from this formula, since — 
the condition of planes 5 being parallel to, a diagonal 
of the primary form, does not depend upon any 
secondary plane. — 

If we now suppose the planes I and 2 parallel toa 
lateral edge of the primary plane, the plane 5 will 
be parallel to the same edge ; thenr,, and r,, become 


infinite, and the values of 2s, 2s, become infinite 


also. But if, instead of substituting the infinite in 
equations 1 and 2, for the indices of planes 1 and 2, 
we divide the first equation by the second, we shall 
obtain a new equation which does not contain the 
_ indices of planes J and 2, and which gives the values 
of the indices p, and q,, in function of the indices 
of planes 3 and 4. 
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The first, second, and third of these formule are 
complicated from the generality which has been 
given to them.. They are all remarkable too, for not 
containing the values of the primary edges, which 
were used in the preliminary equations. 

The linear dimensions of the primary form are not 
therefore necessary to determine the laws of decre- 
ment of such planes as those we have been consider- 
ing. Nor can the dimensions of the primary form be 
deduced from any observation of parallelism between 
the edges of a secondary crvstal. 

It is necessary to add that if any of the planes | to 
5, should cut one of the co-ordinate axes on the nega- 
tive side, its index referring to that axis must be 
taken negatively in the preceding formule. 

As this short abstract is given merely to introduce 
the formule, the reader will more thoroughly com- 
prehend the author’s views, by consulting the paper 


itself, 


_ON THE METHODS OF DRAWING THE 
FIGURES OF CRYSTALS. 


THE representation of eur bpees or of aplid bodies, 
upon a plane, is the object of the art of perspective. 
The theory upon which this art has been founded, 
supposes an imaginary transparent skreen to be inter- 
posed between the eye of the observer and the object 
to be represented ; and it supposes also that the rays 
of light which pass from the object to the eye through 
the skreen, should become, as it were, fixed at its sur- 
face, so that when the object is removed, its figure 
or representation should still remain apparent on the 
skreen. And the rules of perspective teach the 
methods of delineating the figures of objects upon 
a plane, in such a manner, as to resemble the appear- 
ance they would present,to the eye if seen through the _ 
plane on which they are delineated, supposing that 
plane to be transparent, and held between the object 
represented and the eye. 

A more familiar conception of the nature ofa per- 
spective representation may be derived from looking 
at a building, or along a street, through a piece of © 
glass, and marking lines on the suhines of the glass 
coinciding with the lines of the object we are 
observing through it. These lines, if accurately 
traced, will evidently represent the object to the eye, 
such as it appeared when seen through the glass. 
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Fig. 366. 


If we look along a street, and imagine that we are 
seeing it through a tedhaoseeht skreen, the upper and 
lower edges of the fronts of the houses, which we 
know to be nearly if not accurately parallel, appear 
to converge at the remote end of the street, forming 
a series of lines on the skreen something ike that 
shewn in fig. 366. 

And it BY obvious that if this mass of houses were 
-asingle solid body, and even if it were very much 
seduced § in dimensions, it must still be represented 
on a plane surface by lines some of which must con- 
verge, as those representing the upper and lower 

edges of the supposed fronts of the houses do in the 
ibivé figure. 

But a representation of the figures of crystals in © 
this manner would not convey a sufficiently precise 
notion of their forms, and it would be extremely 
difficult to understand the figures of complicated 
secondary crystals, if they were thus traced. 

In order to retain in the drawings of crystals the 
apparent symmetry of their forme another kind of 
perspective has been used, which is known by the 
name of orthographic or geometrical projection, or 
simply by that of projection. 

In this kind of perspective, the object to be repre- 
sented is supposed to be removed to an infinite dis- 
_ tance from the eye’; in consequence of which all the 
lines which are Hash in the figure would appear 

SEQ 
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parallel upon our supposed transparent skreen, and 
not converging as they do in the above diagram.* 

The method of representing crystals in projection 
may be thus explained. Let us for a moment forget 
the abstract notion of the object being removed to an 
infinite distance from the eye, and let us imagine it 
distinctly within our view. 


Fig. 367. 


Let the figure to be represented, be a cube; and 
let us imagine this cube to be resting upon a hori- 
zontal surface, and the eye to be placed opposite one 
of its planes, and in the direction of a line drawn 
perpendicularly through the centre of that plane. 

In these relative positions of the eye and the crys- | 
tal, only that plane opposite to the eye will be visi- | 
ble; and if a transparent skreen were interposed 
between the eye and the crystal, and held parallel to 
the plane which is seen, the only linear traces which — 
could be marked on the skreen would be the edges of 
‘the observed plane, as represented in fig. 367. 


'® This theoretical notion of the infinite distance of the object, is bor- 
rowed from mathematical considerations of the nature of infinite lines; 
and may be taken here merely to imply what is stated in the text, that 
the edges, or other lines,’ which are parallel on the crystals, are to be 
represented by parallel lines in the drawing. - 
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If we now suppose the eye and the skreen to be 
moved horizontally toward the right of the spectator, 
the skreen retaining its pdrallelisin to the plane P’, 
the rays proceeding” from the edges of that plane, 
may be conceived to pass obliquely towards the 
skreen in its new position, and the edges of the plane 
 P” will now be visible, and may be traced on the 
_ skreen as in fig. 368. If we suppose the eye and the 
interposed skreen to move round the crystal, the 
skreen retaining its perpendicular position, but ceas- | 
ing to be parallel to any plane of the cube, excepting 
_ at some particular points of its pregress, it will be 

obvious, that while the eye and the skreen continue 
to move in the same horizontal plane, the vertical 
planes of the crystal, and those only, will become 
visible in succession; but the terminal plane will 
not be perceived. ‘To see the terminal plane we 
must suppose the eye and the skreen to be raised ; 
or, if the eye retain its position, the bee of the crys- 
tal must be elevated., 
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Fig. 369. 


It will be more consistent with most of the follow- 
ing, explanations of the methods of drawing the 
figures of crystals, to suppose the position of the eye 

fixed, and the back of the crystal to be elevated. 
In this new relative position of the crystal and the. 
eye, the figure traced on the interposed skreen, 
would resemble that exhibited in fig. 569. 


It is evident from the preceding explanation, that 
the relative positions of the eye, the object, and the 
skreen, may be varied at pleasure, so as to produce 
in the drawing, such a representation of the object 
as best suits the illustration it is intended to afford. 
And although, as it has been stated in p. 102, an 
advantage will generally attend the placing the 
figures of crystals belonging to the same class of 
primary forms always in the same position, there 
may nevertheless be exceptions to this rule when the 
position of the modifying planes on the secondary 
crystal, is such, as to require some new position for 
their more perfect exhibition. “The position chosen 
by the Abbé Haiiy for the crystal of felspar, is per- 
haps the best that could be adopted for exhibiting 
advantageously the secondary planes of the crystals 
of that substance ; yet the front lateral planes of his 
figure correspond to the back planes of the doubly 
se tigue prism as it is given in the tables of modi- 
fications. | | 
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Having thus given a brief outline of the theory of 
geometrical projection, we shall proceed to shew 
how the forms of crystals may be accurately deli- 
neated, without entering into any further general 
_ explanation of the means which will be employed for 
this purpose. 


To draw a Cube. 
Fig. 370. 


e a 


_ On the line a 6, describe the squareabecd. Let 
_ the line ¢ & be parallel to a b. yo ge 
_ From the points a dc d, draw the lines ce, ar, df; 
bk, and let these lines be more or less oblique, as 
the side h fm i is to be rendered more or less 
visible. 4a | 
Draw the perpendiculars ¢ 0, rq, fp, kv. Take. 
eg equal e f, and draw gh parallel toe f, ande gif 
Is consequently a square, 
_ For the purpose of shewing the plane g J mh of 
_ the cube, the back of the figure is supposed to be a 
little elevated. _ 
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To represent this elevation take some portion, as 
ik, of the line k v, and draw fi; the portion 7 k 
may be greater or less according as more or less of © 
the plane g / mh is required to be seen. 

Draw en, gl, hm, parallel to fi; and/m, n if 
parallel to g h, and the figure represents a cube. 


To draw a Square Prism. 

The square prism differs from the cube only in its 
comparative height. | 

Let us suppose we have to represent a square 
prism, whose terminal edge is to its lateral edge as 
2 to 3; we may divide the terminal edge e f in 
two parts, and make ¢ o equal to three of those 
parts, and then complete the figure as represented in 
the diagram. And we may, by a similar proceeding, 
make the lateral edge of the prism bear any given 
proportion to the terminal edge. 


To draw a Right Rectangular Prism. 

To draw a right rectangular prism, make the lines 
ac,cd, of the preceding figure, proportional to the 
corresponding terminal edges of the particular prism 
we wish to represent ; and having proceeded to draw 
and elevate the base of the figure as for the cube, 
make e g proportional to the third dimension, or 
height of the prism, and then complete the figure by 
drawing the parallel lines as before. | 

It has been already stated that when the angles of 
the base of a prism, or octahedron, are right angles, — 
the figure of the crystal is drawn with one of the 
edges of its base horizontal ; but where those angles 
are not right angles, the diagonal of the base is hori- 
zontal in the figure, and the terminal edges are 
described by oblique lines. | i 
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To draw a Right Rhombic Prism. 
‘Fig. 371. | 


Let a b represent the greater diagonal of a right 
_ rhombic-prism, and let the GER 2a! c bd represent 
the base of the particular prism we are about to de- 
lineate. 

The angle adb of the prism is supposed to be 
known, and that angle of the figure may be made 
equal to it, by adjusting the arms of the common 
goniometer to the required angle, and. using Ahern as 
a rule to draw the lines a d, db. | 

_ Draw eh parallel toa}; and also the pbliawe lines 
af, cg, dh, bi, these Reine. as before, drawn more 
or less biti ie according as we wish to exhibit a 
greater or less difierence between the two lateral 
_ planes of the prism shewn in the front of the figure. 

To elevate the back part of the prism in order to 
‘exhibit the terminal plane, take 7 i’ equal to ff’; and 
_ draw hi', hf’, and their parallels. : 
~ Let the lateral edge hk be drawn in such proportion. 
‘to the terminal tok ad, as it has been found by cal- 
culation on the particular crystal we are delineating 
and draw the upper terminal edges parallel to thi 
lower ones. 


iis) 
— 
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To draw a Right Oblique-angled Prism. 


Fig 372. 


The right oblique-angled prism may be drawn ina 
similar manner, keeping the diagonal ab horizontal, 
and making the angle ad b, and the ratios of the 
edges da, d b, and gm, such as they are found in the 
prism of whieh’ we propose to give the figure. 

The oblique rhombic prism may be ditawea t in a man- 
ner similar to the two preceding prisms, but it should 
have a little more elevation given to the back of the 
_ figure, in order to render the character of Sass 
of the prism more conspicuous. 

From the necessity of elevating the back of right 
prisms for the purpose of shewing hte terminal plane, 
it is apparent that the character of obliquity cannot 
be conferred on a figure so drawn, otherwise ‘than 
by elevating the’ hace of it rather more than that yi) 
the Me poo 

re 
To draw the Deaibtyvontigul ‘Prism. 

The double obliquity given to the figure of this 
primary form in the tables of maaiincations is too 
slight to convey an accurate notion of its general 
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character; that obliquity is therefore considerably 
increased in the following eke 


Fig. 373. 


As the lateral angles of this form are not right 
angles, its base obviously cannot rest on a horizontal 
plane, while its lateral edges are perpendicular. 
To obtain its horizontal projection therefore, while 
its lateral edges are perpendicular, wé may suppose 
those edges produced until they touch the i Lihat is | 
_ plane zm, over which the figures appears ‘to stand. 

The area of the horizontal’ projection’ is‘clearly 
less than the base of the figure, and may be known 
_ from the ratio of the terminal edges, and from’ the 
plane angles of the lateral planes: which élements 

are supposed to have been previously determined. i 


S3#rQ 
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Fig. 374... 


ale 


F\9 

Let us suppose the edge x’ m’, fig. 573, to be to the 
edge k’ i'", as 7 to 4, and to the edge i’ k” as 7 to 6. 

Let the line ab, fig. 374, be the length we may 
determine upon for the greater terminal edge of the 
prism ; divide this into 7 equal parts, and 4 of those 
parts will be the length of the edge k' i’, fig. 373, 
and 6 of them will give the height of the prism. 

Let the inclination of P on M, fig. 373, be known 


and called J,, 

pee: Baa a 

Nitin sae y die 

And let the plane angle i” k' k", be also known and 
called 4,, 


it Jt 
ee he), RM Wet eee 


And let us suppose 4, an acute, and 4, an obtuse | 
angle. 


It is evident that if the solid angle at m’, of such a 
figure, be supposed to touch the horizontal plane 
im, the lateral edges being kept perpendicular, the 
solid angle at /’ must stand above the plane, and the 
solid angle at ”” still more above it. The elevation 
. of the point at k’ may be known by drawing the are 
af, fig. 374, with.a radius ab, and drawing a second. 
radius bf, making the angle ab f= Ae O08 Fe ae 

_ The perpendicular a g, dropped on the line f 6, 
will be the required height of the point k' above the 
horizontal plane, and the line g 4 will be the length 
of the horizontal projection of the greater terminal — 


edge of the prism. 
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The increased elevation of the point at i”, fig. 373, 
may also be determined by drawing the are c d, 


fig. 374, with a radius c b equal to of a 1b, and 


making the angle c b d equal to 90°—A,. The per- 
Mendiewlar c e will be the increased ditsradoern of the 
point at 7'”, fig. 373, and the line e 4 will be the 
horizontal projection of the lesser terminal ode of 
the prism, 

Having thus obtained the horizontal projections 
of the obits edges of the prism, we may find the 
vertical projections of the lateral edges in the {ol- 
lowing manner. 

Dsl, the horizontal projection of the aneater diago- 
nal of the terminal plane be supposed eral to the 
line i m, fig, 373, and the diagonal ¢ e of the Bee 
g beh, must be parallel to the s same eae 


Fig. 375. 


The edges of this plan are known from the figure 
374. The length of the line g e may be determined 
_ by simply cutting a card so that the angle g be, fig. 
_ 375, shall be equal to 7,, and making 8 g, equal to 

bg, fig. 374, and b e, equal to 6 e of the same figure. 

The point b of the card being laid on the point 6 of 
fig. 373, the edge ge may be made paralle} to z m, by 
means of a paralle! ruler, and the lines g 6, 6 e, being 
traced by a pencil, their parallels h e, h g, may be 
drawn to complete the plan. 
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The length and position of the line g e may be also 
very easily determined geometrically. “tg 

Make b p, fig. 375, equal to b g, fig. 374, and bn 
equal to b e of the same figure. From 6 asa centre, 
describe the semicircle 2 0, and the segment p ¢: 
Take 2 e equal to the arc of 90°—4 I, and p g equal 
to the same arc, and ge will obviously be.the greater 
diagonal of the horizontal projection of the base of 
the prism. | 

Knowing the horizontal projection g beh, we — 
may proceed to the projection of the prisms elevating 
iid',.m m', sufficient to exhibit the terminal plane, 
and taking k k’ equal to a g, fig. 374, and 2” 7" equal 
to ce of the same figure. © Lalmoneno uy: 


T. 0 draw G Baniadal 
Fig. 376. 


Perary pied 
nag 


The ratio of the axis, to a perpendicular drawn 


FIGURES OF CRYSTALS. Ald 


upon it from one of the lateral solid angles of the 
particular rhomboid »we.are about to delineate, is 
supposed to have been ascertained.* | 

» We should then determine the height our proposed 
figures 3 is to be, which height will be the length of 
its,axis.) Our next step is to find a line which 
bears then same ratio to that which we have fixed on 
for the axis of our figure, as the perpendicular upon 
the axis of the crystal, does to the axis itself. This 
may generally be done with sufficient precision, by 
dividing the line we have assumed for our axis into 
such a number of equal parts, as will give the length 
of the required. line in some other number of those 
parts. If, for example, we have found, that the per- 
pendicular upon the axis, is to the axis itself, in the 
ratio of 7 to 10, and if we determine that our figure 
shall be an inch high, the beac weap line will be evi- 
dently # of an inch. 

If, however, we are desirous of still greater accu- 
racy, we may draw a perpehdicular line equal to that 
which we have fixed on for the height of our rhomb- 
oid, and from the upper extremity of this line draw 
a second, inclining to it at: the same angle that the 
axis does toa superior edge of the rhomboid we are 
about to represent; and if we now divide our first 
line into three equal parts, and from the upper point 
of section, draw a perpendicular to it which shall 
pass through the second line, the portion intercepted 
by the second line will be the required length of the 
perpendicular upon the axis. 

With a radius equal to this line, which is, in the 
~ case we are supposing, 7% of an inch, describe the 


circle abcde f, fig. 376. 


* The method of ascertaining this ratio has been already pointed out 
in p. 363. 
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Divide the circumference of this circle into’ six 
equal parts, by the points a be de f, as in the figure, 
and draw the lines a d, fb, g 0, ec, within the circle. 
Draw k 1 parallel to f 6. Draw the oblique lines 
shewn in the figure, from the several points on the 
circumference of the circle, and from its centre, to 


the line & 7; and from the several points in that line | 
where it is cut by the oblique lines, raise the per-— 


pendiculars as they appear in the figure. On the 
middle perpendicular line, takea portion 3' 3’, equal 
to the length we have determined on for the axis of 
the rhomboid, and after dividing this portion into 
three equal parts, draw the lines m2, p q,rs, through 


‘the upper point 3, and through the points of se” 


and parallel to the line & /. 
The oblique lines are to be drawn more or mie 
obliquely, according as we would have the rhomboid 


appear more or less turned round. To elevate the 
back of the rhomboid, so as to render a plane trun- ~ 


cating its terminal gotta angles visible, draw dz 


parallel to ec, and joina i. The line di is the quan- — 


tity of elevation intended to be given to the solid 
_ angle a! of the rhomboid; and the lines 1 2, 0.3, 45. 
are the proportional quantities which the other solid 
angles require to be elevated in order to preserve 
the symmetry of the figure. This imaginary elevation 
of the back of the figure, is thus produced in the 
drawing. On the perpendicular lines 4’, 7’, and 
A', which pass through the line mn, take 7’ a’ equal 
to di;.and 4’ f’, 4' b', each equal to the line 4 5. 
On the perpendiculars, I’ and I’, which pass through 
the line pq, take l’e, I'c, each equal to the line 
1 2. And on the perpendicular 3’, which. passes 
through the lines k 7, and r s, take 3’ 0’, and 3' 0", 
each equal to the line 3.0. From the several points 
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thus obtained, and from the point d’, draw the lines 
requisite to complete the figure. 


To draw the Hexagonal Prism. 
Figs 377. 


. h 
The size of the figure should be first determined. 
Draw the lines: a b, and 7 f, parallel. to each other. 
From the point o in the line 7 f, describe a circle~ 
with a radius equal to the line h’ g’, which is:to be 
the-front edge of the prism. Draw the chords fg, g h, 
&c. and from the points e, f, g, h, i, k, draw the 
oblique lines to the line ab; and. from the termination 
of the oblique lines at that line, raise the several 
perpendiculars shewn in the figure. ‘To elevate the 


back of the prism, take some quantity 7’ J, f’ m, on 


the perpendiculars at 2’ and_f’; draw the lines h'/, and 
g' m, and complete the base by drawing parallels to 
these and to k’ e’, as shewn in the figure. Let us 
suppose the height of the prism to be to its edge as 5 
to 7; divide the edge hh’. g' into 7 equal parts, and 
make 1’ h! equal to 5 of those parts. Then complete 
the figure by drawing the upper terminal edges paral- 
lel to the edges of the base. 
. 3G 
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‘0 draw the Tetrahedron. | 


Draw a b of the length which is intended to be 
given to the dotted edge a” b" of the figure, and draw — 
pq parallel to a b. 

On.a 6 construct the equilateral triangle a b C and 
through its centre h draw dc, which will be perpen- 
dicular to a b. From the points a, b, c, and A, draw 
the oblique lines to p q, and from the points where 
they cut that line at a’, b’, h', draw the perpendiculars — 
shewn in the figure. Having determined the quan- 
tity of elevation to be given to the back of the tetra- 
hedron, make k d, on the line a b, equal to that 
quantity, and join & c; and through the centre h 
draw fg parallel toa b. On the perpendiculars from 
a’ and b’, take a’ a’, and 6! 6", each equal.to kd, and 
by pe the iiss c' a'', cb", and a! b", the base 
of the aa will be delineated, To complete the — 
figure we require the line 0 m, which is the height 
of the crystal. To obtain this we must have recourse 
to the following geemetesea! construction. 
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We may observe that the angle m ox of the upper 
figure is a right angle, and that the line m 7 is equal 
to the line dc of the lower figure. But two lines 
drawn from the extremities of the diameter of a 
circle, and touching each other at the circumference, 
meetat aright angle. It is therefore obvious, that 


if we describe a semicircle on the line dc asa dia- 


meter, and draw the chord di equal to 2 0, or, which 
is the same thing, to dh, the line 7c will be the re- 
quired height of the figure. On the perpendicular 
from the point h' on the line p qg, take h' o equal to 
lh of the lower figure, and take 0 m equal to ic. 
Join ma", mc’, mb", and the figure is completed. 


To draw the regular, or any of the irregular 
Octahedrons, 


Draw the square, rectangular, or rhombic base, 
of the octahedron, in the same manner as the bases of 
the prisms of those forms are directed to be drawn. 
Then find the centre of the baseabc, by drawing 

3G2 


y 
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the two diagonals; and through that centre draw a_ 
line d e, perpendicular to the edge, if the base be 
square or rectanglar, or perpendicular to the hori- 
zontal diagonal, if the base be a rhomb. On this 
perpendicular, and on each side of the base, take 4 
the length of the axis of the particular octahedron 
we are delineating, and draw lines from the extre- 
mities of these semi-axes, to the angles of the base. 
In the regular octahedron, which is the figure 
above represented, the semi-axis is equal to 1 the 
diagonal of the horizontal projection of the base. 


€ 


To draw the Rhombic Dodecahedron. 


Fig. 380. 


The easiest method of drawing this figure is to 
project the cube as’shewn above, and through its 
centre and perpendicular to its planes, to draw the 
lines ab, c d, ef. 

Those lines are parallel respectively to the edges 
of the cube. Take on each line, and in each direc- 
tion from the point in thé centre of the cube, where 
the lines intersect each other, a quantity equal to 
that edge of the cube to which the particular line is 
parallel, and draw lines from the extremities of those | 
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_ portions of the lines, to the solid angles of the cube. 
The resulting figure will be the ph lausce dodeca- 
hedron. — 


In the preceding pages the ‘rules. of projection 
have been applied to the delineation of only the 
primary forms of crystals; but they may also be ap- 
plied to the delineation of some of the secondary 
forms; these may however be more easily drawn 
either bp truncating the figures of the primary forms, 
or by circumscribing those primary forms with the 
planes of the secondary crystal. 

_ When the secondary form, whether it be simple or 
compound, is to be exhibited in its entire state, with 
all the primary planes effaced, the best method will 
be to delineate a small primary form, and to envelope 
that with the secondary planes; but when parts of 
the primary planes are also to be shewn in the figure 
of the secondary crystal, a larger primary form may 
be drawn, and then be truncated, or cut down, in the 
, Same manner as the modifications in the tables are 
drawn. 

The fidelity of the representation of any secondary 
form, must obviously depend upon the accuracy of 
the positions of the secondary planes relatively to the 
primary and to each other. And as it is by the zn- 

terseciions of those planes with the primary or with > 
each other, that their positions are rendered appa- 
rent, the accurate construction of a secondary form, 
- must depend upon the accuracy with BRR those 
_ intersections are determined. | 

Hence the rules for drawing the secondary forms 
of crystals, will apply chiefly to the means of finding - 
the intersections of the secondary planes. 

. There are two principal methods which may be 
used for this purpose ; the one is to divide the edges 
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of the primary figure we are about to truncate, into 
such a number of equal parts, as may enable us to 
construct the required secondary planes by finding 
_ the intersections within the same figure; the other, 
and, generally, the better method, is to produce the 
primary edges, and to obtain the intersections either 
within or without the figure, as may be most con- 
venient. | 


As an example of the first of these methods, let us 
suppose we have to represent a square prism modified 
on its terminal edges by planes belonging to class c 
of the tables of modifications, resulting from a de- 
erement by one row of molecules, and whose symbol 
would consequently be B. 

Let a square prism be drawn in pencil, of the 
relative dimensions of the prism to be represented, 
Divide the terminal edges into any number of equal 
parts, let us suppose into 7 parts, and at a distance 
from the angle, of two, or any other number of 
those parts, draw the lines a d, ¢ d, and their parallels 
on the upper and lower planes of the figure. Draw 
bf, and cf, parallel to the diagonals of the planes 
on which they are drawn, and e f, f g, and their 
parallels, on the lateral planes. The line d f, is one 
of the intersections of the modifying planes, and is 
consequently a new edge of the secondary figure. — 
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The other corresponding secondary edges~ being 
drawn, a secondary form will result, as Beh ibital by 
the dark lines in the ohh figure. 


Let it be required to draw a right rectangular 
prism, with two planes belonging to class a modi- 
fying each of the solid angles. The dimensions of 
the prism are supposed to have been ascertained, 
and a prism is to be drawn in pencil corresponding 
in relative dimensions with our observed crystal. 

We shall suppose the symbols of the two secondary 
planes to have been found, 

(C2 Gr Bz) and (C1 G3 B2). 

Let each of the edges be divided into 7 equal 
parts; the plane represented by the first symbol 
would be traced by the lines a b, ac, bc, and that 
represented by the second would be traced by the 
lines fh, hg. But it is apparent that the two planes 
would intersect each other in the line de, and that 


4 only the portions ad ec, and deh, of the new planes, 


would be visible upon the secondary crystal. The: 


 saine process being repeated on the other solid 
angles, the modified form, as shewn by the inner lines 


jae 


of the figure, would be produced. 
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Fig. 383. 


But it would frequently be inconvenient, if not 
impracticable, when several modifications are. to 
be represented on the same crystal, to trace the 
requisite intersections within the crystal, on account 
of the minuteness of the secondary planes, and the 
number and proximity of the lines which must be 
drawn in order to exhibit them. We may, under | 
such circumstances, resort to a construction, of the 
character of that exhibited in fig. 383.. Let us sup- 
pose we have to draw a doubly-oblique prism modi- 
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fied on the solid angle at O of fig. 318, by two planes 
whose symbols are (D2 H3 Fr),,and O*. Ifwe pro- 
duce the edge 7 d to a, so that ia is equal to twice 
ed, and make ic = 37k, it is evident that abc 
might be the position of the first plane upon an 
enlarged primary form. And if we makei e = 273, 
and 2 f= 272k, def will represent the second plane 
upon the same enlarged primary form. But the 
edges of the two planes intersect each other at the 
points g and h; and the line g h is consequently 
the secondary edge at which the planes intersect 
each other. Having found this intersecting line on 
No. 1, as well as the positions of the intersections of 
the primary with the secondary,planes, we may pro- 
ceed to construct the secondary figure, No.2. To 
do this, we should first draw a primary form in pen- 
cil, similar and parallel to d7 6k of No. 1, and taking 
any point a, in the edge zd, draw ac parallel to ac 
No. 1. Take some point e in the edge z 5, such that 
the part exhibited of the plane d-e f, should be pro- 
portional in some measure to the part exhibited of 
the plane abe. | 

This proportion must depend on circumstances, and 
on the particular illustration our figure is intended to 
afford. For we may evidently give any comparative 
extension we please to the two planes, by taking one 
of the points a or e, No. 2, nearer to d or b. | 

Having fixed on the points a and e, No. 2, we may 
draw ag, ge, g h, ch, parallel to the correspond- 
ing lines of No. I; ‘aid adawinti the lines at the back 
of the figure parallel to those on the front, the 
sbibiwdaes form will be completed. 

In the future part of this section, the planes analo- 
gous to ab c, and de f, will be termed directing 
planes ; and their edges and intersecting lines, direct- 
ing lines. r 

3H 
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We shall now proceed to delineate the secondary 
form of a right rhombic prism, whose symbol would 
be | 3 day 


rGi MB E (Br Hr B2 : Ba Hr Bx) 
h M € ¢€ bs 

(Bi H3 B’2: B2 Hz B'1)P 

/ bz ‘sop 


This, although a more complicated figure than the 
receding, may be produced with equal accuracy, by 
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finding successively, the intersections of all the se- 
condary planes with each other and with the pri- 
mary. alts Of edd; 

Let the primary forms, No. 1 and 2, fig. 384, be 
drawn in pencil,* and on No. 2 draw wz v parallel to 
the short diagonal of the terminal plane, and from 
the points ~ and v, draw zu o, v p, parallel to the 
lateral edges. The plane 4 would evidently be re- 
presented by xv op. Let the line aa’ be drawn on 
the plane 4, and through the diagonals gr, st. 3 

The plane c should next be placed on the second- 
ary figure, which plane must obviously lie between 
h and P.. The law of decrement from which we 
have supposed this plane to result, is by 2 rows 
in breadth. If therefore we produce two of the pri- 
mary terminal edges of No. 1 to ¢ and c’, so that g c, 
and qc’, shail each be double the edge that is pro- 
duced; and if we join cc’, the plane acc’, will 
represent the plane c, the line c c’ will touch the 
primary form at the solid angle d, and the line da 
will pass through the middle of the plane ac c’. 

We may call d a, therefore, the directing line, 
which enables us to place the plane c between f and 
P, by taking some point d, inthe diagonal q 7, No. 2, 
and drawing da parallel to da, No.1. Through d 
and a, we may now draw the lines g h’', 7 k, parallel 


* When two or more figures are to be drawn in the relation to each 
other in which these stand, their dimensions should be similar, and 
their corresponding edges or diagonals should either be parallel or in 
the same line, according to the relative positions of the figures. ~ 
In the above figures, the corresponding lateral edges are in the same 
right lines, and the terminal edges are respectively parallel. These 
‘orresponding positions are always implied when two or more analo- 
gous figures are given. 


3H 2 
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to uv; and as it is evident that the line a d passes 
| tPSiigh the middle of the plane gh’ i k, that plane 
will represent the required plane c, By drawing 
lines parallel to g h’, andi, at corresponding dis- 
tances from the dincaals q7r, st, and from the points 
q, 7, 8, and é, the figure with the planes # and c upon 
it may be completed, and may be traced separately 
in pencil as in No. 3, preparatory to the addition of 
the planes e. 

To produce these planes, having first drawn k 2x, 
we require the position of the intersection k 7, of the 
planesc ande. This intersection is shewn in No. 1 
by the line ac; the points a and ¢ being common to 

the plane ac ee’, which corresponds to e, andacc’, 
which, as we have already seen, represents c 

If, therefore, from the point k, No. 3, we aha kl 
parallel toac, No. 1, and from the point /’ we draw 
ly parallel tok x, the plane £ / y x will be one of 
the required planes e. The other planes e may be 
drawn in a similar manner, or by parallels, or by 
finding the relation of the point / to some known 
point of the crystal. 

The planes e are purposely left incomplete in the 
front and back of No. 3, where the planes 0 are to 
be placed. . 
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Fig. 385. & 


Having thus produced the planes d, c, and e, we 
may add the planes b:, and 6:2, by tracing No. 3, 
fig. 384, on a separate paper, as No. 5, fig. 385, and 
above it draw an entire primary form, as shewn by 
No. 4. 3 

To place the planes 6: and 2 on the figure, we 
require their intersections with e, P, and M, and 
with each other. 
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The directing planes b 6’ b:1, and b' 6” bs, No.4, 
represent the 2 planes b:, b'1, No. 5; and b b" bz, 
b’ b" bz, No.4, represent ae hitb are marked only 
by the eS is 2 in No. 5; and ne bl" x ’, No.4, is — 
evidently parallel to plane e, No. 5. 

The intersection of 5 6!" 61, with 2 z b'" 3’, is the 
line 2 b’’; its intersection with P is } b'”; with M, it 
is b bi; and with Bb’ b” b:1, it is b: m.. 

If, therefore, from the point 1, No. 5, we draw the 
line 16, parallel to 2 b!”, No. 4; 65, to bb"; and 
13, tob bs, we shall obtain three of the edges of 
plane b:. From the point 5, No. 5, draw the inter- 
section of b: and 6':, parallel to m 6:, No. 4; and by 
drawing on No.5, 34, parallel to b 62, No.4, and 
the intersection of 2 and 2’, No. 5, parallel to m be, © 
No. 4, we shall delineate the planes b: and 2; ob- 
serving that those planes intersect each other in a line 
parallel to the intersection of b: and P. The posi- 
tions of b/: and 2 may be obtained by a ‘similar — 
method of proceeding, and the other corresponding 
planes may be drawn by a similar process, or by 
parallel lines, or by finding the relation of their 
edges, or angles, to some known points on the 
crystal. 


We shall give our next ill jietiabiae example from 
the How boid: Let us suppose an obtuse rhomboid 
is to be represented, modified by planes belonging to 
classes 2, Wet 0, and p, and whose symbol is 


-yDr.2D2 1B1 OP. 
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Fig. 386. 


Let P, P’ P”, represent the primary planes. 

The planes o may be added, by merely lengthening 
the primary axis, drawing at its two extremities the 
three upper and three lower primary planes of the 
rhomboid, and joining their angles by six vertical 
lines, which will then constitute the vertical edges 
of the plane o. 

To add the planes m, take any points c c', on the 
two adjacent edges of the rhomboid, such that a line 
- passing through both should be parallel to the hori- 

zontal meiinal of the plane P’’; and from these 
points draw lines on the planes P and P’, parallel to 
their common edge. 

The intersection of the oes m with each other, 
is parallel to a line. passing through two opposite 
solid angles, and through the axis. 


Fig. 387. 


This is apparent from fig. 387, in which if the 
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directing planes 1234, and 1654, be taken to re- 
present two planes m, their intersection otis be the - 
line 14, bisecting the axis at o. offi 

Having daa the edges of the planes m on i te 
primary planes in fig. 386, we may find their inter- 
sections with o and o’, by alae a! b', on the vertical 
edges of 0, equal to thie portion a b of the axis, cut 
off by the terminal edges of the planes ‘ and join- 
ing c b', cc! b’. . 


Fig. 388. 


NET 


Our next step should be to add the planes p. As 
we shall have subsequently to add the planes g,, it Is 
not strictly necessary to find any other intersections 
of the plane p, than those which correspond to ff"; 
fig. 388, No. 2. But for the sake of an additional 
illustration, we shall find the intersections of p, with 
m, and their adjacent intersection with each other. ' 
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If we recollect that the planes p result from a decre- 

_ ment by 2 rows in breadth, it will be apparent that 
_ the directing plane p pp.fof No.1, corresponds to p 
of No. 2, and p" p" p" f of No. 1, to p” of No. 2. 
But the intersection pin pps, and ?! p' p's; is the 
directing line f/f’. 

If therefore we take any point f in the vertical 
ere of No. 2, and draw f/f’, parallel to f.f' No. 1, 
f' N o. 2 being the intersection of the new edge sith 
an oblique diagonal, and if from the points f and 
_ f' we draw lines parallel to the inferior primary 
edges, we shall obtain a errcnean of the Suit iin 
pand p”. 

: The intersection of p and m, No: 2, is shewn by the 

_ directing line p p, No.1; and that of p' and m, No. 2, 
by p' A, ‘No. 1; and the intersection of p and p', No.2, 
is parallel to the line p f, No. 1.* 

It now remains only to add the planes g to our 
figure. For this purpose we may trace in pencil, as 
at No. 4, fig. 389, an accurate copy of No. 2, fig. 388 ; 
and above it draw the primary form, and the direct- 
ing planes shewn by No. 3. 

We observe here that g 2’ 2”, No. 3, corresponds 
to plane g, No.4. ‘The intersection of this plane 
with m is parallel to the horizontal diagonal of P”, 
and its intersections with P and P’ are parallel to 
gg’, and gg”, No. 3. Its intersections with p and 
_ 9, are parallel to the directing lines i / and i’, No. 3; 
tlie points /, and 7’, being the only ones at which the 
edges of the planes p, p’, and g, intersect each other, 

and the point 7 being common to the three planes. 

The intersections of g with o and o! are the lines 
ik, ik’. For the planes o, and o’, might evidently 


* Tt may he observed that there are three dotted lines terminating at 
kh, No.1, fig. 388; one of these has p at its other extremity, another 
has f, dnd the reader is requested to add v’ to the third, 
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intersect the’ primary planes P’ and P, parallel to Gicir 
oblique diagonals. If therefore two planes corres- 
ponding to o and o', No. 4, be conceived to. pass 
through the oblique diagonals of No. 3, and to. be 
produced until they cut the edges g g’ and g 2”, it 
is obvious that they would cut those edges atthe 
points & and k’, and the point i uh then be common 
to the three planes: 

Assuming any point in the front: v ophigal nig of 
No. 4, we may draw those lines of plane ¢ Polials 
intersect o and o’, then those which intersect p and 
p', and Piand P’, tana finally the intersection with mM, 
to crrmpite the 5 . 


Fig. 389. 
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In drawing the secondary forms of crystals, it very 
frequently happens that the law of decrement, will 
suggest some relation between the position of the 
secondary edges or angles, and some known points or 
lines of the primary form, which will supercede the 
necessity of any directing diagram. One instance of 
this will be seen if we turn to p, 420, where the 
rhombic dodecahedron is derived from the cube, 
through a previous knowledge of the relation of the 
two forms to each other. ere Ar f 

And many expedients will probably. occur to those 
who are accustomed to draw erystals, which. will 
greatly abridge the laborious processes just described. 
These will, however, form particular cases, and will 
depend on the degree of attention and ingenuity 
employed in framing the diagrams. | 

The following figure will supply another example 
of the delineation. of a secondary form, from ascer- 
taining its relation to the primary. 


Fig. 390. 


_ Let it be proposed to circumscribe a cube with a 

figure contained within 24 trapezoidal planes, be- 

longing to mod. class b of the cube, the law of decre- 
212 | | 


ey 
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ment being expressed by -A*. The fig. No. 1, has 
the necessary directing planes drawn upon it, gt ) 
which it appears that the lines e a, eb, ec, represent ¥ 
three intersections of the secondary planes with each 
other. If on No. 2 we draw the lines p p’, qq', &e. 
through the middle of the diagonally opposite edges, 
and from the solid angle at e, draw lines parallel to a, 
eb, ec, of No. 1, those lines will be the edges of the 
new figure, and iiley will cut the lines vp &c. at a 
distance from the edges of the cube equal to of its 
diagonal. This will be apparent if we suppose the 
central point e of No. 1, to represent the solid angle 
e of No. 2; for the line e a evidently cuts a diagonal 
of the cube at a distance from its middle point cae 
to + of its whole length. 

_The plane a a’ b, No. 1 represents. one of the 


secondary Hela through the middle of which, if we 


draw the line a’ a”, that line will pass through the 
centre of the cube, and will consequently Biaebt its 
prismatic axes. A line drawn, therefore, from the 
solid angle at e, fig. 2; through the produced pris- | 


‘matic axis fg, will cut that Re at a distance from 


the surface’ of the cube equal to 4 the length of the © 
axis itself, and will pass through the middle of the 
secondary plane. 3 
Having thus found the points at which the lines 
pp, qq, &c. and fg, hi, andk/, are cut by the - 
secondary edges, we may readily complete the figure. 


We shall give only one further illustration to com- 
plete this branch of our subject. In several of the 
preceding examples, the directing planes and lines 
have been drawn on separate, parallel, figures, for 
the purpose of exhibiting more distinctly the described 
methods of drawing. We may, however, in very. 
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many cases dispense with the second figure, and draw 
the directing planes in pencil, on the same figure 
which we purpose either to build upon, or to trun- 
cate. If there should be many planes to be placed 
on the secondary form, it will be found expedient 
sometimes to draw the directing lines with the point 
of a needle only, as the thickness of even a fine pen- 
cil line may become a source of error. 


. Fig. 391. 


Let us suppose an octahedron with a square base, 
derived from a square prism, mod. a, required to be 
drawn, so as to envelope the prism from which it is 
derived; this being the method, as it has been already 
explained, by which nature is supposed to build up— 
secondary forms. And let the law of decrement pro- 
ducing the plane, be by 2 rows in breadth, and 3 in 
height, on the terminal angle. Its symbol would 


consequently be A. 


First draw a smal] prism of the proportional dimen- 
sions of the prism we propose to represent; and 
through the middle of the lateral planes draw the 
lines h k, i m, parallel to the terminal edges, and 
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also draw the prismatic axis, f/. The dimensions 
of the circumscribing figure should be such, that 
its planes should touch the solid angles of the con- 
tained prism. 

The directing plane, } c d, evidently represents a 
plane derived from the modification we have sup- 
posed; and the line e d passes through the middle of 
the plane. If, therefore, we draw gf parallel to de, 
--and touching the solid angle of the prism at a, we 
obtain the point S at ihiols the secondary plane cuts 
the prismatic axis. From the middle of the axis at 0, 
take o 1, equal to o f,; and draw / n, touching another 
solid angle of the prism. ‘The point x will evidently 
be on an edge of the secondary figure, which edge 
we know must be parallel to a diagonal of the ter- 
minal planes of the prism. . ; 

Through the point 7, therefore, draw hi parallel — 
to one of those diagonals; from the points h and @ 
draw hm, 7k, and join k m to complete the base of ~ 
the figure.. And the terminal edges being drawn, the 
entire figure will result, as shewn by the dark janie 
; in the engraving. . 


ON MINERALOGICAL ARRANGEMENT. 


THERE appears to be a degree of difficulty felt by 
most collectors of minerals, with regard to the ar- 
rangement of their cabinets, and particularly when > 
new minerals occur, concerning which little more is 
_ known than their names. 

This difficulty arises partly from the want of an 
accurate distribution of minerals into natural species, 
and partly from not attending sufficiently to a dis- 
tinction, which has been hitherto regarded with less 
notice than it deserves, between this distribution into 
species, which constitutes the basis of a natural clas- 
sification of the objects of any branch of natural 
history, and their artificial arrangement for some pur- 
pose of illustration, of convenience, or as objects of 
taste; which artificial arrangement may be regarded 
as analagous to the order in which words are placed 

in a dictionary for the convenience of reference. 

_. This distinction will be rendered sufficiently ap- 
parent if we refer to some other branches of natural 
history for its illustration. | 

The botanist may ‘perhaps place his specimens of 
dried plants in his portfolio, according to some pre- 
conceived notion of natural alliance; but when he 
arranges the plants themselves in his garden or his 
conservatory, their natural order is disregarded, the 
natural families are dispersed, and the situation 
assigned to each plant is determined by its habitudes, 
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its necessities, or its peculiar character in reference 
to the pleasure it is capable of affording to some of 
the organs of sense. 

Disparity in size also, among individuals ‘patenge 
ing even to the same species of objects of natural 
history, will be another and a frequent cause of 
variance between their arrangement for purposes ‘of 
amusement or use, and their natural classification. 
And examples will probably occur to the reader, of 
deviation from natural classification in the cabinet 
arrangement of minerals, where that arrangement has 
been intended to afford some particular illustration.’ 

~The cabinet of Leske, described by Kirwan, con- — 
tained several separate collections, arranged for the 
illustration of distinct objects. One among’ these, 
exhibited in a regular series the distinctive external 
characters of minerals as taught by Werner; a second 
contained his systematic arrangement of most, if not 
of all, the minéral species then known; and a third 
eehibitee the mineral substances ‘used in various arts 
and manufactures, and was = denominated’ the 
economical collection. 

‘The collection of English minerals in the British 
Museum, is arranged eevording to counties, the sub- 
ordinate arrangement of the thinerttls of each — 
being, however; systematic. : | 

When, therefore, the question relates to the ar- 
rangement of a mineral cabinet generally, we should 
enquire into the object of the collector in forming 
his cabinet. In some few instances, it is possible 
that specimens may have been collected merely as 
objects of taste, and their selection may have de- — 
pended: merely on their rarity, or on the beauty of 
their forms or colours, The arrangement best adapted 
to a cabinet of this description, must evidently be 
such as would best exhibit the forms and colours of 
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the specimens, and must be regulated by their size 
-and character, according to the taste of the possessor. 

But the views of those collectors by whom the 
greater number of cabinets are formed, are, probably, 
to derive from their specimens, an acquaintance with 
those general external characters of minerals, by 
which they are commonly discriminated from each 
other. 

I would recommend to this class of edlledtots; an 
arrangement of their cabinets in nearly an alphabetical 
order, which, as it will greatly facilitate the reference 
to particular specimens, will afford them more ready 
means of comparing different specimens with each 
other ; and every new substance that occurs, to which 
a name has been assigned, will also find an immediate 
place in the collection under its proper letter, if its 
precise station under any other leading name has not 
been previously determined. 

The alphabetical series here recommended, is that 
which is distinguished by roman capitals in the alpha- 
betical list which follows this section. 

' In this list L have endeavoured to collect and 
arrange all the mineral species at present known, 
with such of their synonyms as are not merely trans- 
lations out of one language into another; and with 
the addition of such of the primary forms of those 
which are regularly systallsad)'s as appear to be accu- 
tony known. 

. Most of these forms have been detirubinied from an 
iskasitiot of the substances themselves, and their 
angles have been measured, principally by the reflec- 
tive goniometer, both by Mr. W. Phillips and myself , 
but: from Mr. Phillips’s greater precision in’ the use 
of that instrument, I have generally relied’ on his 
measurements where'they have differed from my. own ; 
and iit several? instances,;' I have been indebted to | 
3K 
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Mr, P. for the forms and actions of iia 
which I had not myself previously examined. 

Following. this alphabetical list, will be found a 
second AHE of primary forms, arrang ed according to 
their classes. ) 

The synonyms have been collected chiefly foe 
Leuba: ‘Handbuch der Oryktognosie, published 
in 1821, and corrected from such other sources as I, 
have vw an opportunity of consulting. The choice 
of a specific name among many synonyms, has been. in 
some degree arbitrary, but I have generally | been. 
influenced in this choice by the previous adoption in 
this country of the name | have selected. On refer- 
ing to the list, the word Abrazite will be found at its 
head, with a reference to Seagonite, that being the — 
name under which the mineral, also called Abrazite 
and Gismondin, had been previously known here. 
For this reason I have retained many of the old 
names, as Chiastolite, for example, instead of Macle, 
the name assigned to the same mineral by Haiiy.. In 
many instances, it will be perceived, I have adopted 
the.names given by Haiiy, either because they have 
already become familiar to the English mineralogist, 
as Peridot, instead of Chra ‘ysolite, or because then 
have comprehended several of the older species under 
a single name, as Amphibole, . which includes the 
Hornblende, I remolite, and Actynolite of the Wer- } 
nerian school. 

Although the basis of the proposed arrangement a 
minerals is alphabetical, it is to a certain extent 
founded on their chemical distinctions. 

But a difficulty, presents itself when we de. a 
pur ely chemical, classification’ of minerals, which 
arises, out of the uncertainty of our knowledge rela- 
tive to the essential constituents of many species, For 
however accurately these may have been analysed by 
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the skill of modern chemistry, we are yet) unable to 
determine which of their component parts are essen- 
tial to the composition of the substance analysed, 

and which are but accidental mixtures. In the in- 
stance of the crystallised sandstone from Fontain- 
bleau, no doubt can be entertained that either the 
carbonate of lime, or the grains of sand, must be 
regarded as accidental mixture, and foreign to the 
constitution of the species, accordingly as we chuse to - 
consider the specimens, as arenaceous quarts agglu- 
tinated by carbonate of lime, or as carbonate of lime 
inclosing grains of quarts. 

It would, however, present little difficulty to the 
chemist, to determine that the silex and lime are not 
chemically combined in the sandstone: but there are 
numerous other instances, in which even the sagacity 
of a Berzelius has probably failed in discriminating 
the matter accidentally present in several of the 
species of minerals which have been analysed, from 
that which is essential to the se | Sab of each 
particular species. 

These doubts are suggested by the ‘observed fact, 
that the crystalline form of the Fontainbleau unas 
stone is similar to one of the secondary forms of car- 
bonate of lime ; and from remarking, that among’ the 
minerals wauaak chemical analysis cei raise into 
distinct species, there are several which: appear to 
agree in their crystalline forms. 

“N ow if we regard the Fontainbleau sandstone as a 
variety of carbonate of lime, enveloping grains of 
quartz; and as we observe that’ the crystalline form 
of the carbonate of lime is not altered by the presence 
_ of this siliceous mixture, we may infer that the erys- 
talline character of minerals is not affected by the 
accidental presence of foreign matter in their come 
Paton, and consequently that minerals differing 
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widely in their chemical “nena may rebtly avingei 
to one species. | 

_ These considerations appear to ‘confirm the pro- 
chil of the Abbé Haitiy’s definition of a mineral 
species, as given in p. 6. For although it might have 
been sufficient, theoretically, to: comprise withiti the 
terms of this died like such individual minerals as 
are composed of similar particles united in equal 
proportions, yet in-the present imperfect state of our 
knowledge of the true constituent elements of many 
minerals, it appeared. practically necessary to super- 
add to this definition the condition that, if they be- 
long to the same species, the Jorm of their molecules, 
or, which is the same thing in effect, their seni 
forms should. also be similar. 

_ Hence when we find different minerals agreeing in 
their crystalline forms, and varying in their chemical, 
composition, we shall probably determine their’ spe- 
cies more accurately from their ee than from 
their chemical characters. 

I say probably, for the oirysta Hailed cha- 
racter has its uncertainties also. The natural planes 
of crystals are generally too imperfect to give mea- 
surements. which may be said to agree very nearly 
with each other; the differences among such as belong 
to the same species of mineral, amounting. frenenely 
to nearly a degree; and the deilese planes, which 
generally afford better corresponding results, cannot 
always be obtained; but if they could, the angles 
of mutual inclination even of those, are not always 
alike, owing probably to an interposition of foreign 
matter between the lamine of the crystal, and being 
there unequally dispersed. Nor do we know that 
the difference of the angles under which the primary 
planes of different species of minerals meet, is not 
_ less than our best goniometers ean distinguish. It 
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demands great precision of hand and eye to obtain 
the true measurements of angles to a minute only, 
and we cannot say that a difference of species may 
not exist, with a difference of only a few seconds 
in the lige of: inclination of their planes. 

We hilow that the greater angle of a right rhombie 
prism must lie abrluwhien Wetweeli 90° and 180°. If 
the angle were 90°, the prism would be square, and 
180° would reduce the prism to a plane. But be- 
tween 90° and 180°, we do not know how pone | 
different prisms may exist, 

If they differed by degrees only, ‘their’ number 
could not exceed 89. If the difference consisted of 
minutes, there might be 5399 such prisms, all dis: 
tinguishable by the goniometer ; but if the differences 
consisted of seconds only, there might evidently bé 
- $23999 rhombic prisms, of which no more than 5399 
could be distinguished by the nil goniometric 
instruments. 

But with all the uncertainties and difficulties at- 
tendant upon the crystallographical determination of 
a mineral species, the goniometer is probably the 
most accurate guide we at present possess to lead us 
to that determination. And it is almost the only one 
of which the practical phe a can at all times 
avail himself. | 

It appears almost unnecessary to sae that where 
a mineral is defective in crystalline character, or its 
chemical composition is unknown, it must be pro- 
visionally distinguished from other minerals by some 
other of its physical characters, as its specific gravity, 
hardness, fracture, &c. 

_ Instances have been already. alluded to where. 
Miinibeny would separate minerals from each other, 
which, crystallographically, belong to the same 
ibeiclelt of which the Amphiboles, and the Pyrox- 
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enes; afford examples.’ But there-are a few cases 
also, in which-minerals differing in their crystalline 
form, are similar in their chemical.composition; as 
appears to be the case with the common, and white, 
iron pyrites. ‘These anomalies will however, probably, 
be reconciled by the future investigations of science. 
Dre Brewster has, with that attachment which we 
usually evince towards a favorite pursuit, given a 
preference to the optical characters of minerals, as 
the surest’ means'of determining their species. See a 
memoir by Dr. Brewster, in the Edinb. Phil. veeibie 
vol. 7. p. 12. 

» This: memoir relates to a <aitwnences in the optical 


characters of the Apophyllites: from different locali- 


ties; upon which Dr. Brewster proposes to erect a 
’ | Peep eras 
particular variety into a new species under the name 


of Tesselite.. Berzelius, as it appears from a paper, 


preceding that by Dr. Brewster, in the same volume 
of the Journal, has, at Dr. Brewster’s desire, ana-~ 
lysed the Tesselite, and found it agreeing perfectly 
in its chemical composition with the Apophyllites from 
other places. Chemically, therefore, the ec cutea: 
does not appear a distinct species, 

A few days before Dr. Brewster’s paper was pub- 


- lished, it happened. that I had been measuring the 


angles of the Apophyllites from most of the Ibealitied 
in which they occur, all of which I found to agree 
with each other more nearly than different minerals 
of, the same species frequently do.. The ‘Tesselite 
is not therefore, crystallographically, a separate 
species.* But when chemistry and Cryatalestaphy 


* Thave found spite crysis of pa substance corresponding i in a- 
remarkable manuier it 


terminated: vy four-sided pyramids with truncated summits, but with 


their corresponding flanes dissimilar. ‘The planes which appear as the 
summits of some of these prisms, Weak’ only the éateral planes of very 
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concur,so perfectly as they do in. this: instance, in 
determining the species to which a mineral belongs, 
it will) be difficult. to admit a variation of optical 
character, asa sufficient ground. to alter that deter- 
mination.. pail Oo oabedl Pyiadbh vay hv 

A. paragraph published by Dr. Brewster in the 6th 
volume of the same Journal, p. 183, relative to the 
crystalline form of the sulphato-tri-carbonate. of lead, 
furnishes an additional motive. to believe that: the. 
connection between the optical characters of minerals: 
and their crystalline forms, is not yet sufficiently. 
understood. | he boay! biG inas 

Dr. Brewster admits what I believe is not liable to. 
question, that “the crystals of this substance are: 
** acute rhomboids.”’ But he adds, “ Upon examining’ 
“‘ their optical structure, I find that they have two. 
“axes of double refraction, the principal .one of, 
‘“‘ which is coincident, with..the axis of the rhomb. 
‘¢ The sulphato-tri-carbonate, therefore, cannot have 
“ the acute rhomboid. forts primitive form, but must 
“¢ belong to the prismatic system.of Mohs.’ 5 
_ But. it appears fromthe “Outline of Professor 
Mohs’s new system of Crystallography,”’. published: 
in vol. 3 of the.same J ournal, that a rhomboid cannot 
belong to his prismatic system. ..For it, is stated in 
p. 173, that “ The rhomboid, and the Jour-sided oblique=: 
“ based pyramid,” (the fundamental form of the ‘pris~ 
matic system) “ are forms which cannot by,any means 
“be derived from each other s the (two) groups: of 


short and otherwise disproportioned crystals ; so that a line passing through. 
these, in the direction of their greatest length, would in fact be per- 
pendicular to the axis of the primary form. Sections perpendicular to 
the axes of these apparently similar prisms,: would certainly present’ 
very different optical phenomena. But it is not probable that the. prac-. 
tised eye of Dr. Brewster should have been misled. by their apparent 
similarity; and the differences he has observed will still temain to be 
"explained. \ | 
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<¢ simple: forms, aswell: as stheir separ reneye must 
‘+ each be always distinct from the (othenJ??s00 eamaii 
If therefore:in the hands of Dr..B teibiheng the ‘use 
of optical characters cannot at present berelied upon 
for the determination of :a mineral-species, :it:may-be 
doubted. whether they: can “be successfully, ana 
ic less’accurate and less intelligent observers: > 
The proposed arrangement in the following Geicets 
Beticd list, is, ‘as:it has been already observed, tova 
‘certain ‘extent, chemical; several species; to which 
geparate specific names have been given, being ai- 
ranged frequently under one head or ‘genus, invthe 
alphabet... And there are, “probably, many. other 
species which now stand: singly in>their: alphabetical 
order, which: in the: opinion»of: some: of' my readers 
might, with equal pers on mee into» other 
nce groupes eis v8 ants ay RPI B 
This: collection: of ‘species: inte groups -or ‘genera, 
tis not been regulated by) any very -precise*rule. 
The leading principles, however, upon which they 
have been formed, are’ either the simplicity of'com- 
‘position of the species of which they consist, or the 
‘apparent certainty’ with ‘which’ that» composition has 
‘been determined; some few species may, however, 
‘be considered as’ rather’ see included under 
‘particular’ genera. ag9 
* In most of the genera, the first phil acon of hiss 
“principles are apparent; an’ example of the third ‘may 
be seen under the head ‘of Cerium, ‘where the ‘Yttro- 
cerite is placed, although it contains a greater pro- 
| portion’ of Ytiria than it does of the oxide of Cerium. 
~The species which are left in their alphabetical 
; order, are generally: those’ which» are’ denominated 
earthy minerals, and'are composed of Alumine, Lime, 
Magnesia, Silex, &c. in various proheney which 
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are probably not as definite as they have eons some- 
timesiconsidered.) )9 eliienic io boi): 

"The proposed alphabetical 4 aabiahdoe walla appear 
to deviate’ the less’ from maturalyclassification, if we 
recollect that: there is: not. any one strictly exclusive 
natural order :to supercede: this. arrangement, and. re- 
quiring that ‘Zircon should be placed before or. after 
the siliceous genus; or that Lead should precede, or 
follow, Iron or Copper. ‘There may be conceived 
to be as many natural classifications of minerals, as 
there are natural properties common to the sub- 
stances which are to be arranged. Thus, the metals 
(not including the bases of the alkalies and earths) 
might be tiated according to their fusibility, or 
their specific gravity, or their ductility, &e. Either 
of these characters might be adopted as the basis of 
a natural classification, and the order of the substances 
thus classed, would vary according to the generic 
character we might adopt. 


The primary forms of most of the crystallised 
minerals contained in the following alphabetical list, 
are indicated in italics. The measurements there 
given, are the most accurate I have been able to 
obtain; but although they have been taken with much 
care, maa probably do not vary much from the truth, 
they are to be regarded in strictness only as approxi- 
mations to the true angles at which the planes of the 
crystals incline to each other. 

I have added where I could, to the square, rectan- 
gular, and hexagonal prisms, the measurement of a 
primary plane on some modifying plane, which fre- 
quently occurs on the crystals; and the class of 
modifications to which the modifying plane Relongs> 
is indicated by its appropriate letter. _ , 
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It does not fall within the scope of my plan to give. 
more than a mere /ist of minerals and of their primary 
forms. Descriptions of the minerals themselves, and. 
figures of their secondary forms, as they occur in_ 
nature, will form the substance of a volume on 
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Abrazit, see Zeagonite. 

Achirite, see Copper, carbonate, siliceous. 

Actinolite, see Amphibole. 

Actinote, see Amphibole. 

Adamantine spar, see Corundum. 

Adularia, see Felspar, crystallised. 

. Aehrenstein, see Barytes, sulphate. 

Aequinolite, see Spherulite. 

Aerolite, see Iron, native, meteoric. 

Aerosite, see Silver, sulphuret, antimonial. 

. AGALMATOLITE3 Bildstein ; Fi Si -stone ; Koreite; Lardite ; : 
Pagodite. 

Agaphite, see Alumine, hydrate, compact. 

Agaric mineral, see Lime, carbonate, spongy. 

Agate, see Quartz. 

Agustite, see Emerald, var. Beryll. 


Akanticone, see Epidote. 7 | " 
Alabaster, see Lime, sulphate. 
Alalite, see Pyroxene. F 


Albin, see Apophyllite. 
Albite, see Cleavelandite. 
Allagite, see Manganese, carbonate, siliceous. 
Allanite, see Cerium, oxide, ferriferous. 
Allochroite, see Garnet. 
Allophane, see Alumine, silicate. 
Almandine, see Garnet. 
Alum, see Alumine, sulphate. 
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ALUMINE. | : gaoainiws 
. Mhydiaten F .vsvi ee | 
ne say vdia Waa fda af ihe prranyad orn 
~ Pon M, 108° 30’; P on T, 101° 20’; Mion T, 

65°, as measured’ and described by: We Pwrine 
“atalactitios 3; Gibbsite. 
compact; A Asselin Relais a de ohttite 3° Turquoise. 
earthy.» PATS OE BIH na ren sige te dts 

| Soea iota ie oid Teale TORO 

crystallised ; needa ydvagsisifes. iheatonite 
 Wavellite.,. 4, night phambio prism, Mon M', 
‘ about 122° 25', 
silicate ; Allophane. _ Cleavage. parallel ios the plane 
of a square or rectangular prism..:<)) 
sub-sulphate ; Aluminite ; Hallite; Websterton 
sulphate of, and potash; Alum... 


crystallised. , . 
., fibrous. d nanan porrt ee one) 
sulphate of Alumine and Potath,s lms rratuals 
crystallised. os); ae ediloniond 
fibrous. A regular poodedenda Fahy ah HE, 
b Hikenh seine. £ Wier tition as .osieg Stliceous., Alum-stone. 


ey stalled: ‘An aituce rhomboid, P "on F', 92° 50!, 
/ as measured; by. W. P. agi 8n : 
amorphous... |» : te aid danas 
_Aluminite, see Alumine, snbiaulphatesa (ate. igio tot, 
Amalgam, see Mercury, argentiferous. 
Amausite, see Felspar, compact. | 
Amazon-stone, see. Felspar,. green...) /, 
Ameer; Bernstein; Karasé; Succin. 
AMBLYGONITE. Cleavage parallel : to the, lateral planes of a 
prism of about 105° 45/, with; indistinct traces, of 
cleavage oblique to the axis of the. prism. . Iam ine. 
debted to Mr. Heuland for the. loan: a, tips square J 
have measured. Aoleatiaid s , 
Amethyst, see Quartz. 


Amianthinite, see’ Amphibole, Amianthoides. ri SCL 
Amianthoide, see Amphibole. Lb 794 deqiilanaadesaxtna 
Amianthus, see Asbestus.. 3) “ott i iS 


AMMONIA. ©). ‘ 
muriate ;, Sal 2 ammoniac. sah erchig Barty 
crystallised. 4 reg ular octahedran. SFL, 
_ Stalactitic. . 4% 


d , ; é 3 + Le eee ‘ 5 ets e 
chairs fetta) spe bebo CAE CER Cae. 


earthy. 6. 

sulphate ; Mascagnin. 
stalactitic. 
earthy. 
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AMPIIIBOLE. > rine ht 
crystallised. oa oblique nhonbee lsd Pe ov M or’ M!, 
abu Ha GBI Bhs) aor on 49 vas" 6 4 bi 4 
ie fibrous, yt | 
amorphous.’ | elle 
oe oo The following varieties appear, from the measure- 
‘ment of their angles, to belong to this species. 
Common Hornblende, colour dark green or greenish 
“black ; Keraphyllite 5 3 Keratophyllite.: «« 
iwHiath tay in colourless, haga asst upeeaish crys- 
tals. 
 Basaltic Hornblende. > Beas 
The foliated Augite of Werieh 
The’ blue Hyperstene of Giesecke. : 
The green Diallage of Haiy ; Smaragdite ; ¢ Lotalite. 
Pargasite, in short green crystals. °°” 
Actynolite; Actinote; Strahlite the. st oe eres 
slender, and sometimes radiating. 
Tremolite ; ; Grammatite; the crystals: ealourless or 
green, or pink, ‘or brownish and ‘generally imbedded 
uke | aa bette (i onesbaea nica pel sometimes ra- 
One diated: 
A transparent and: Keatdubteee vanity occurs with 
the white Pyroxene at New York. 
Several specimens’sent ‘me. a3 ohite pyroxene were 
all amphibole except one, which’ contained’ ‘two or 
three imbedded crystals of pyroxene.) 8) 
Amianthoide ;. Amianthinite ;. Asbestinite; Brsvotiis b 
two separate fibres of this substance: have afforded 
» the measurement of. 124° 30%) 0 
Fae aly see Leucite. 
Anautcimme; Cubicite. Acube. GQ FEN ‘ 
| osthe orystals redsp Sarcolites gine} ) 1M Gidessdabs 
Anatase, see Titanium, oxide. 
AnpausitE; Micaphyllite; Stanzaite.’ a Driehes rhombic 
prism, M on M’‘, 91° 20',.as measured ict sw a bonis OL 
Andreasbérgolite, see Harmetoweke IEG srmaes 
Anhydrite, see Lime, sulphate, anhydrous,’ pad RRR Bi ont 
-ANTHOPHYLLITE. Cleavage parallel to the reeey nakeee of 
a rhombic prism of 125°, and to both its diagonals’; and 
another cleavage. apparently perpendicular to the axis 
of the prism. The bright plane which’ is’ generally 
visible in the specimens, is ea tor fi aM 
diagonal of the prism. BORNE po B EA 
Anthracite, see Coal. ‘ 
Anthracolite, see Coal. 


~ 


Ged ana SMURF DOR eT Ph vre 
Authraconite, see Lime, carbonate, columnar,,.. soritnogr& 
ANTIMONY. i a 
native. Cleavage. parallel to the anes. of oul ‘obtuse 
rhomboid; Pon P’, about 117°,, but the measure- 
ment of different fragments does not, agree, within 
more than 2 degrees, owing to the dulness, of ‘the 
planes, and apparently to their being more or less 
curved. The rhombic ,planes are, striated, hori- 
zontally, and the bright planes, which. are gene- 
rally conspicuous in the specimens of this ‘substance, 
are perpendicular to the axis of the. rhomboid. 
ely eA arseniferous., 4) 
“oxide; White antimony. 
crystallised. A Le rhombic, prism; M on M’, 
6 Plead 87%6. the broad. bright, planes of the onystals 
uate. _ being parallel. to. the... short diagonal of the 


prism. oi): et 
fibrous, radigting, Beak * bat . 
earthy. | aviniseod Bs 
ibid sulphuretted ; "Red antimony. _ analoghioiodea 


crystallised ; probably a right square prisins Mr, 
Phillips having found one of, the, thin, fibrous 
oP measure on the lateral planes 90°, and 
vA (3 ad 
apie’ Ce ei ant i pens’ 
earthy ; ‘Tinder ore. (Leonhard.) 
sulphuret; Grey antimony. 
crystallised. .4 right rhombic pr ism, M on M', very 
neatly 90°, Its secondary planes, shew that 
the prism belongs to the rhombi, a anda ae 
not square. — seit llins ‘ed 
fibrous. Ne eRe PTS 
COMPAL yc: Mech She! ae clue 
Apatite, see Lime, phosphate. SOT: a Ron 
Aphrite, see. Lime carbonate, , nacreous.. 
Aphrizite, see ‘Tourmaline. 
Apitome. 4 cube. ‘ 
ApopHytuite; Albin; 3 F ‘ish-eye-stone ; : ot en i 
A right square prism ;. Mon aplane, belonging to,mo: 
class a,,128° 10’. Nhat hn pM A 
Aquamarine, see Emerald, yar, Beryl... vn 
Arendalite, see Epidote.. tly + ep aa 
AtewepsoniTE 5, ge a erriferous ‘hornblende; bei “see. e Annals of 
‘Philosophy, for May, 1823. ‘Cleavage paral, to the 
‘ “Tateral. planes and to both the, ce a of, Guha 
ris, of 123° bo! See: Wye OBS ELST agar AT word 


$ ; owl ie chien oF 


ey *Hre ae 
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Argentine, see Lime, carbonate, nacréous.” °” tele the ds ¢ 

Arkticite, see Scapolite. : ee hee 

Arimenite, is said to be either Quizes or. Carbonate of lime 
eotured by blue Carbonate of copper. % 


Atragonite, sée Lime, carbonate. 


ARSENIC. sed mie :  § a8 
t hAye® died sisds ob yDaotsgqe bus 
at “oxide. 4 regular octahedron. 
’sulphuret. ne shabsdlas dang 
© sent e “red 5 Reg pa OAd? St Ht aba a Ep 


“erystallised. ig? wna? Sibu Bc prism ; 
P on Mor M’, 104° 6"; ; MonM’, 7H 14", 


amorphous 


g Ail OTK “yellow ; Orpiment. | eset 
satay ete crystallised, A right PNB aidp risen MonM’, 
Ti lave dc 100°. Forni’ determined and measured 
by W. P. 
foliated. 
Asbestinite, see Amphibole, ARTO VMrB REPRE 
Ashestoide, see Bu a AWD. 1 a Rae 


BESTUS. “eer ¥ 
m1 ‘common, the bres parallel, 
os -eeese.. lying in many. ‘directions, and as it 
were matted oper forming, 
_mountain paper BAA 

We arn ee eS os Teather ss Mee eB 
ATP GALEN alba, heaipialy Res | Hae # 
pues Mitt BR tegen ; 
"flexible: 1 on ida ehits swt i | 
Aabéhapitactiee see Lime, phosphate. a 


Asphaltum, see Bitumen. ties Kit ig 3 
Astrapyalite, see Quartz, sand-tubes.. ss 
Atacamite, see Copper, muriate. a i ga cal" 
Atlaserz, see Copper, carbonate, green." Melee Tent es ba 


Atramentstein, see Iron, sulphate, d. 
Augite, see Pyroxene. - 

iugustite, see Lime, phosphate. ... Silaaaabdal ea 
Automolite, see Zinc, oxide, SUMS aS ef ik VNTR TOT ©. 
; Avaiiturine, see Quartz, amorphous.” WA eae 
Axe-stone, see Jade. Pie san Naas nae 
Axinite; Thumerstone <mrniihite® ay Vint “This sub- 
stance does not readily yield to cleavage, § so as to afforc 
a ‘determination of its primary ‘form from cleavage planes. 
The’ primary” ‘form best agreeing with those secondary | 
forms under which it generally occurs, is a ‘doubly oblique 
prism, P on M, 134° 40’; P on ‘I’, 115° 17’: Mon tT, 
135° 10’, as measured by Wee: 


- 


e 
cocks 
Soa 


yf oh gee 
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Azabache, sce Coal, Jet. ae a 
AZURITE} K laprothite ; Tyrolite ; Voraulite. PONT 
crystallised. 4 right rhombic prism; M on M, 
121° 30'.. IL am indebted to the kindness ‘of Mr. 
Heuland for the. very rare specimen” which has 
enabled me to determine this form. . 
alg pea 


i B = : Seb. bakbe sagan 
Baikalite, see Pyroxene. . hate is 
Baldogée, see Green-earth.: 

Bardigtione, see Lime, sulphate, anhydious. . 
Baryres. 
catbonate ; Barolite; Witherite. 
crystallised. A right rhombic pein’ M on M’, 
: 118° 30°, as measured by Mr. W. Phillips. 
eS The ordinary hexagonal crystals probably 
result from the intersection of three of the 
“primary i pa . 
fibrous. . Site J 
sulphate; Baroselenite. oer ah at.» 
abe shiligicl A right rhombic prisia, Moi M!, 


columnar. . af ise, obaslfl 
radiated ; Bolognian spar ; Litheospiore. ame 
granular. - A hee | oii a oo 
compact ; Cawk. | staboolf 


acicular, diverging, and imbedded in ‘some 
other substance ; 3 Aehrenstein. © 
earthy. | 
hepatic. » 
sulphate of Barytes and Biron stan 
Basanite, see Quartz. : 
Baudisserite, see Magnesia, haat siliceous. / . 
Beilstein, see Jade. | ed a: 
Bell-metal ore, see Tin, sulphuret of. Gisele hia Tins 
BreroMANITE; Spreiustein. No crystalline form diseuvstabnlh 
nor any analysis, that I can find published. Is referred 
by Leonhard to Scapolite, but on what plinin does 
not appear. 
Dergmens, Mountain meakeie0) * Hom ae PO TgaotS 
Bernstein, see Amber ss ti) 6 Sees peepsed, CATES OTE 
Beryll, see Emerald. | GR BH ONO 
Berzelite, see Petalite. 5 OE PP tg EE 
Bildstein, see Agalmatolite. © 0 
Bimstein, see Pumice. 
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Bismurn. ; aT GRE MA” 
carbonate... bt te 1 
AME BatiTR waeia mesg? eakixe 4 oki pen 
AM oxide. By fe iii ot ad; Frise lypety i We io Faye 
are” sulphuret. ie 
fing talents cupriferous. a yn 
o+++.... plumbo-cupriferous ; eélesoro, 


sono . plumbo-argentiferous ;_ Bismuthic:silver. 
Bitter-spar, : see Lime, carbonate, SRE a 
Bitumen. ayoryed dod .stileding 
liquid ; Naphtha. LP UA igh a Sai TAS 
viscidi;..Petrolemmpsi) igi $1, et PIR Spat oe 
solid, elisa: Elaterite. by fortes 2 $4 


Chua pace Asphaltum, | 
cM as pf earthy; Maltha. .... | : 
ibs ore ad brought, by Humboldt, + en ‘Gouth America, 


yidades and probably. does not belnng to vine mineral king- 
4! Fey dom.. be dit die bitiaa 
Fossil copal ; Highgate resin... id 
Retinasphaltum. 


Blattererz, see Tellurium, native, plumborauriferons, 
Bleiniere, see Lead arseniate: basi thins 
Bleischweif, see Lead, sulphuret, compact. ; 
Blende, see Zinc, sulphuret. 

Blizsinter,, see Quartz, sand-tubes. >. ; 
Bloedit, see Magnesia, sulphate of and Sidavh 
Bloodstone, see Quartz, calcedony, 53 
Bohnerz, see Iron, oxide, hydrous, 
Bore; Lemnian earth ;;‘Terra de Siena; ‘Perr ai Digna 
Bolide, see [ron, native meteoric. | 
Bolognian spar, see Barytes, aH phe 


Boracic. Actp; Sassofim .. 1.2 wh MMi eeesd Saad ede 
Boracite, see Magnesia, borate. reutY sou! POH hREE 
Borax, see Soda, borate... Pads eels TA aa fase» ER ae RE 
Borech, see Soda, carbonate. SHER 


Botryolite, see, Lime, borate, siliceous. 
Bournonite;,, see, Lead, triple sulphuret, 


Breis.agire.” smart: 

Brewsterire. Arig cht. obliquenangled prism, Mo on nil, About 
93° 40. 

Brongniartin, see Soda, sulphate of Soda. and) ig ee Meters | 


BronzirE; ‘ibrous Diallage metalloide, Cleavage: pasallel 
to the planes and to:both the diagonals. of .a. rhombic 
prism, of about 93° 30’, with indications. of..another 
cleavage perpendicular to the: axis, of Abespriseiel See 
ere ote, iy GOS ik iatocatt iq } 

31 M 
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Brown spar; see Iron, carbonate. ..And see ye ose rc 
Brucite, see Condrodites:: 1.) attdhives ted i 
Brunon, see Titanium, oxide, ailicepe enleaneuna, THASE, 
Bucuoxzite; two ‘different substances appear to. have, “wet 
included under this name, viz..a mineral from the, Tyrol, 
called Fibrous Quartz by Wemer,, and. a,.fibrous. sub- 
stance frequently found eahmaaiaive ze endatuaite. 


Byssolite, see ays 2sba 32 sstioldD 
, (3 Cc podiajaab » a PIBBIGHOS. varies 

Gadielousts see Quartz, opal. Hiberl LathoiBHed’?) 
Capmium, a metal found i in pa Uisiadi ns with Zine it in, seve- 
‘ral of its ores.» indqam ‘PraabePan’) 


Calaite, see Alumine, hajabrates 
Calamine, see Zinc, carbonate. 


oxide. lobtait Goa keitene Ma 
silicate. : rad’) 

Each of these species having Heft ache the. ‘common 
appellation of Calamine. ieee’) 
Calcedony, see Quartz... ©» is sag perry ae ) 
Cantalite, see Quartz, yellowishogreen. hi pece RVD 


“Cansonrce Acip. 
~Carinthin ; see ‘A deplatbolae 
Carnelian, ‘see Quartz, calcedony. 
_ Cascalhao, clay indurated by Iron and Quartz, fi frequently 
| inclosing grains of Quartz, found in rolled fragments) vat 
‘the diamond mines:in) Brazil. © 26 pos. fh 
Catseye, see Quartz. € Re 
’ Cawk, see Barytes, sulphate, compact. .)...4)).4-5., 
Celestine, see Strontian, sulphate. ; sanite 
Cerauniansinter, see Quartz, sand-tubes, .., \# 
Ceraunite, see Jade, nephrite. bale 
CEREOLITE. | twat) 
~ Cerin, see Cerium. 
Cerite, see Cerium. 
CERIUM. 
fluate. cnratiles 
sub-fluate.. mf 
fluate of Yttria and Cerium. 
fluate of Yttria Cerium and: Lime ; Vitresepvite: Clea- 
vage parallel to the planes of a right rhombic prism 
of about 97°; by the common goniometer. 
ee siliceous, red; Cerite; Ochroite..... 
. ferro siliceous, black ; Cerin; Allanite,. if A right 
‘square prism,-as determined by W.P 
Cuapasix. An obtuse rhomboid, P on P’,. 94° 46. 
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Chalcélite,’see Uranium, phosphates 40.) oo0 + 
Chalcosiderite, see Iron, green earth, inviene® Vig 

Charcoal, miteral, see‘Coals 9 

‘Cheliistordite, possesses the external ia ranters of Scapolite, 


/O°C and er ‘ystallises' in square prisms. : See Scapolite.., 
“bia Astdttre Crucite; te ik a euch square or 
rectangular prism.) 


Chlorite, see Talc. 
Chlorophane, see Lime, fluate. 
CuLororuzite, described by Dr. Mac Culloch. 
Chondrodite, see Condrodite. . 
‘Crikome, oxide.» i | 
CHR YSOBERIL } Ciaevbana A right choiabiapeset Mon M’, 
97° 192’, "The plane P is generally, bright and striated. 
Chrysocolla, see Copper, carbonate, siliceous. a 
Chrysolite, see Peridot. | 
Chrysoprase, see Quartz, calcedony.. 
“Chusite,’ see Peridot, granular, charac | 
Cimocite. ile. ou 
Cinnabar, see Mercury, sulphuret. svnoteolaD 
CinNAMoN-sTONE; ‘Essonite ; Hyacinuls _-Romangoyite. 
crystallised. 4 rhombic dodecahedron. The cleavage 
planes afford measurements of ‘about: 90° in.one 
_ direction, and about 120° in one or two;others.. | 
*“ amorphous.’ 
Jace Fa WH Albite; Siliceous: spar aah Chesterfield 
in Massachusetts. See Annals nialiisheintih p for May 
1823. 
crystallised. Cleavage parallel to the plates of a: doubly 
oblique prism, Pon M, 119° 30! ; oie ons bg:k 15"; 
M on T, 93°30’. 
laminar. 
Coat. 
carbon nearly pure ; Anthracite ; Anthracolite;, Gean- 
trace. MEG? yee j 
compact. 
columnar. 
slaty. 
s al pong Fe 
BD be et Cannel onl 
s\NG_OTG We eolumnar. | 
‘foliated ; Common aaiss 
. friable ; ‘Mineral charcoal. 
‘a Migniform. » ‘Wood: coal. . iia 
| compact 5 Azabache 5 Kei ay we 
“© fibrous 5 Bovey coals: 5 ARAN 
3L2 


460 » LIST OF MINERALS, THEIRS ¢y > 


foliated ; Dats milage coal. 
earthy. 
_ peat. . 
-Cozarr. 
arseniate. ia right obligue-angled pr prism. M on T, 124°. 
arsenical. 
grey. A wi) with regular modifications. 
white. A cube with irregular modifications similar 
mies to those of tram hina 
oxide, black. Hy 
ferriferous, hatin! 
yellow. 
sulphate. 
stalactitic. 
sulphuret. 
_botryoidal. 
amorphous. 
Coccolite, see Pyroxene, granular. 
Cockle, of the Cornish miners, see Tourmaline. 
Cottyrirte, or Kollyrite. 
Colophouite, see Garnet. 
Columbite, see. Tantalite. | vin 
CompronitE. A right rectangular even M on a plane 
belonging to mod. class d, “135° 30!) 
Conpropirtr, or Chondrodite. "No crystalline = discover- 
able in any specimen I have seen. | 
Conite, see Lime, carbonate, magnesian. 
Copal, fossil ; Highgate resin, see Bitumen. 
Copper. ©  * | 
arseniate. 
octahedral; Linsenerz.. An obtuse octahedron with 
a rectangular base; Pon P’, 72° 22; Le on M’, 
61°, as measured by W.P. | 
prismatic. 
right ; crystallised ; Olivenit. A right rhombic 
prism, M on M, about nc . 
fibrous; Wood coppeits pride 
compact. 
oblique. An oblique rhombic pital P or M 
or M’, 95°; M on M!/, about 56°. 
rhombic ; ; Copper mica. An acute rhomboid, Pon P’, 
69°. °30', as. measured by Mr. W. Phillips on 
some bright planes. 
arseniate of Copper and. [ron ; Skorodite. A. right 
rhombic “fe Mand M’, 120%: 
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carbonate.) «soa qa's ( Ohibaaily i 
blue. 
crystallised. An oblique shies Bic prism, P on 
M or M’, 91° 30; M on M’, 99°. 
~ fibrous. | wp | 
compact, 
earthy. 
green. Malachite. 
crystallised 5 an oblique rhombic prism, 
P on M or M’, 112° 52’; M on M’, 
107° 20’. All the crystals I have seen 
are hemitrope. The plane of junction of 
the reversed halves being parallel to the 
great diagonal of the prism. 
fibrous; Atlaserz. 
compact. 
epigene, having the form of the crystals of 
blue carbonate, or of red oxide. 
siliceous; Achirite; Dioptase. 4n obtuse rhomboid, 
P or P’, 126° 17'/, as measured by W. P. 
on Beavis plines: 
anhydrous, reddish brown; massive. 
hydrate. 
Bae Te 8 siliceous ; Chrysocolla. 
muriate, 
crystallised. A right rhombic prism, Mon M’, 
97° 20', as deduced from the measurement of 
sachndlary planes; the primary planes whose 
positions are indicated by cleavage, not ges 
pearing on the crystals. 
arenaceous. Atacamite. Green sand of PAG 
. mative. 
crystallised. 4 cube. 
fibrous. 
laminar. 
compact. 
combined with Arsenic and Tron ; White copper. 
oxide. . | 
ii xe do blacks 
seandetioiel 
b geshisyty 
crystallised. A inlay octahedron. 
fibrous. 
vols & (oo) ee ‘The longitudinal planes of the. fibres are 
generally those which would result from the 
replacement of the edges of the base of the 


ew ied 


eo- 


Oy rdw MINE Mee Sir kee M4 


ie ‘octahedron, the axis perpendicular to this 
‘base being very disproportionatel y length- 
ened, 


_ earthy. SS ore. 


| phosphate. 


babar ea hon 
_. erystallised. In the absence of distinct clea- 
—-vage, «@ right rhombic prism may be 


regarded as the ee a form, M on M’, 
95° 20%, 


compact. 


“hydrous. 


oe Ph eilfite. 


: crystallised. An oblique rhombic prism, 


P on Mor M’, 97° 30'; M on’ M’, 37° 30’. 


The planes of 'the crystals I shave méa- 
_ sured are not sufficiently perfect to afford 
idee accurate measurements. 


The difference between the forms of 
these phosphates was I believe first ob- 
served by Mr. Levy. 


~ fibrous. 


Of sy tee «wa OF SILVER nee Copper.. ‘ Kukairite. 
Sulphate. a doubly oblique prism, P on M, 127° 30! ; 


P on T, 108°; M on T, 123°. 


“” “sulphuret. Glance copper. 
ve | elise yi The form under which the crystals 


usually occur is that of a regular hexago- 


nal prism, with its terminal edges re- 
‘placed. Mr. Levy found that the solid 


angles of the prism might be removed by 


“regular cleavage, exhibiting thus an ana- 


compact, 


logy to Quartz. The primary form | may 
therefore be an acute rhomboid, P on P’, 
71° 30°; as measured by Ww. P. 


From the published Uiiyses there 
appear to be two different. sulphurets, 


..in which the proportions of copper and 


sulphur differ. The form indicated here 
is that of the Cornish Deeded 3 


ea ... of Copper and Bismuth. 
feet ee of Copper and Silver. 


ee Te ee OR Copper and Tron. Copper pyrite i yellow 


copper ore. ~ 
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Ad) ao) seierystallised. dn octahedron with a square base, 
| eu Pon P’, 102° 14'; i on P”, 125° 157, 
‘mamellated. 
amorphous. 
purple Copper; Buntkupferez. ‘Differing from 
yellow copper in the proportions of its 
constituent elements. 
oi | crystallised. A regular octahedron, as deter- 
We no tM. aed 7) nined by W. P. from cleavage. 
, ~ © amorphous. | 
Witte he of Copper and Antimony; m1 
ilo wie... of Copper, Iron, and Antimony. Colour, dark 
ase! nied Rouble CmmeRT Frei | 
we, «LA fi Biplie ROR Si trate be ART tha Arsenic. Colour, bright 
steel grey. 
-. Both these Bae cites are termed Grey 
copper; Fahlore. 
crystallised. _A regular tetrahedron. 


amorphous. 
Platiniferous grey copper. 
sheen aie of Copper, Iron, and Arsenic, but differing i in 
the proportions from the preceding. 
Tennantite. | 


crystallised, A regular tetrahedron. The regular 
. octahedron is considered as the primary: 
form by Mr. W. Phillips, but some of the 
modifications accord better with the 
oe tetrahedron. 
pndcrernined species. 
~ blue fibrous Velvet ore.;, Sammterz. 
_green foliated ; Kupferschaum, 
Core see Mercury, sulphuret, perce . 
, Cordierite, see Dichroite. . 
\CoRUNDUM. ? 
~ blue ; Sapphire ; Telesie. 
red; Oriental ruby; Telesie. . 
atte _ yellow ; Oriental topaz... 
afer iidetivs PBEPLSE: Oriental amethyst. . 
eh Ht 18 o common; Adamantine spar. | 
aie ana heed ‘An acute rhomboid, P on P’, 86° 4’. 
granular. 
compact. CR TE OREN 
ferriferous ; Emery. | p 
, Couzeranite. The crystalline tat is said by Leonhard to 
be aright rectangular prism, 


i 4 i & 


AGA oy TDLISTSOR(MIN ER AL §$5:DRBEIRy ¥ 


Crichtonite,.see Titanium. 
Crispite, see Titanium, Rutile. x 
Crocalite, see Mesotype; red, globular;radidteds: -otilebol 
Cronstepir, is said by Leonhard to crystalligesin hexagonal 
prisms. tegast uniond) see. iofddaq neitq¢gd 
Crucite, see Chiastolites:sxixjouv? .olineQ) soe dsesitasaitl 
Cryoxirr. Cleavage parallel to the planes -of A isquare: or 
rectangular prism. , . oS efisdanet ase ,stilooslil 
Cubicite, see Analcime. whe ,wamuti see thetshtl 
Cyanire; Disthene; Kyanite; Rhetizite 3 Sappares>! 4 
doubly oblique prism, P on M, 93° 15'; P on Ty:100°:50); 
M on T, 106° 15’, measured by W. P. on-cleavage 
planes. Son CU aS ETS ROEART 
Cymophane, see Chrysoberil. 


; ~D WISE wort a 
Datholite, see Lime, borate, siliceous. § 
Daurite, see Tourmaline, reds 6. 6) i 
Dapeche, see Bitumen. BEE ynogaalo of 
Delphinite, see Epidote. ‘quiaeid. aca vx 
Deodalite, see Pitchstones 0) 4.) bead ace anil 
DesmMinE. . | Cite 
Devonite, see Alumine phosphates! : 0. oii 4A ; 
Diallagen illed Rp pot 

'geeen, see Amphiboles: io ioc oh 
metalloide, foliated, see Schiller spar.) (| 
fibrous, see Bronzite. epodqioms 

Dialogite, see Manganese, carbonate. © RODE, 1% 
Diamonp. A regular octahedron. 3% 28! 46 
_Diaspore, see Alumine,hydrate.%:! 2 |! 


, £4 dna 
PILL HSCV 13 


nil 893 pide meld 
Dicurorre; Cordierite ; Jolite; Peliomes;) Steinheilites:: 
crystallised. 4 regular hexagonal: prism. «Mr ona 
_ plane of mod. ¢, 137° 46’, as measured by Wi Pi 
Diopside, see Pyroxene. wowicehg Git lo abated D 19 
Dioptase, see Copper, carbonate, siliceouss i) so8yeslo | 
Diryre; Leucolite.. From a very minute crystal: inomy 
possession, I suppose:the:primary form ito: be’a regular 
hexagonal prism, but the:planes are too imperfect to 
» determine this. point\by»meéasurement.: 1) 1) 
Disthene,) see Cyanite. iin yf yt! : toetion Viyece 
Dolomite, see, Lime, carbonate; magnesian. >) (> 
Dragonite, see Quartz, crystallised). 90) o0) 
Dysodile, see Coal. aMotiqa site 


ey Fa % 
(f) ghee ote 2 


SYNONYMES, AND PRIMARY FORMS. 465 


E 
Edelite, see Mesotype,’ red, earthy. 
igerane, see Idocrase. 
Kgyptian pebble, see Quartz, J ipdry 
Eisenkiesel, see Quartz, ferruginous. 
Ekebergite, ‘see Scapolite. "| 
Elaeolite, see Fettstein. EPR OE BE 
Elaterite, see nia aoe ae orks Ea sid 
Electram, see Gold: : bah 
Emerarp 
“green. 
transparent, precious Emerald. 
opaque, common. aa : 
blue.and yellow of various ghialdds, aid odcnee hs : ‘Baeea. 
blue from Siberia ; Agustite, | 
greenish blue from Brazil ; Aquamarine. | 
A regular hexagonal ses ecto a ra belonging 
to class a, 135°. 
Emery, see Corundum. 
Endellione, see Lead, triple- srulphuped of Lend, Copper, and 
Antimony. ° 
Eripote; Akanticone ; Arendalite 5 Delphinite ; Iludertes ; 
. "Pistazites 4 Thallite. 
crystallised, A right Ce rN ate gore the on Tr, 
115° 40'. pai 
amorphous. 
granular ; Scorza. 
Ercinite, see Harmotomé. 
Esmarkite, see Lime, borate, siliceous. 
Essonite, see Cinnamon-stone. 
Evcitysiperire, see Pyroxene, fusible. 
Evctase. A right oblique-angled prism, M ow Ty 130° 50!. 
~The axis of the ad beibg a to ‘the: Beene 
cleavage plane. ©» 
EupYatitE: | 
crystallised. An acute'rhomboid, P on P’, aout rae 30. 
I am obliged to Mr. Heuland for the loan of 
the crystal I have-measured, which is large: and 
nearly perfect ; but the planes: are not sufficiently 
brilliant to afford: a very ages ato: ihe ‘by 
the reflective igs ocho rer) 
amorphous. | wh 
Boker see Copper, selenuret. ; 


Ae 


I, 
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a 


[ ORO Gels a9? ,stinranewt 


Ia po 


Fahlore, see Coppers. sulphuret, arsenical., 


et Fibs HH Ve mr Pei. 
Fau.unrre.. “Two subs tances, differi i their external ¢ 
et 7 46 ho hoe aS ‘ay . WA: ~ 
racters have passed. un er this name. - mt rik asi é, 
] ‘he, 1 


, analysed by Hisinger, agrees. pearly. ap its externa 

alae rr ‘and in its com osition,, wi i th the. ans 

he hard Fahlunite, which has been ‘analysed by Stro- 

ae may remain here.as.a separate species, unless 

‘it be referred to Dichroite, to which Stnomerhc Appears 

to think it belongs. ? 

Fassaite, see Pyroxene. 4s.) 

FELSPAR ; Orthose..  eccsm al encahon then 

crystallised, a “doubly hia ‘op sne Po » 

Pon T, 120° 15';. Moon shad 412° is a Uae ed 
by W. P. aa s So, 

transparent, or translucent 

with bluish, opalescence 

glassy ; Sanidin. Sari 


“gga artist) 


a 
i gtens: 


; rea 


rt gr een 5. “Amazon,stone, fermi 
Pe aiusly opalescent ;. Geass ie. 
fetid; Necronite. — 
compact ; Amausite; Felsite ; Felstein 5 5. ‘Hlornstone, 
fusible ; Lemanite ; Lodalite ;. ‘Saussprite.. , 
globular. Giving its ‘peculiar character . to. the rock 
called Napoleonite, and to another termed Variolite. 
decomposd ;, Kaolin. 9) 0. c.g 
Felstein, see F elspar, compact. ie 
FerrstEn ; Elaeolite; Sodaite._ cee Monta to the 
.., planes of.a prism of 112° and 68°, ‘but no transverse 
cleavage to. determine . the. class to. ~which, the prism 
belongs: measured by W. P. A red. variety has been 
called Lythrodes. 


=) 


blue, from Laurwig in Ne orway, se¢ Glaucolite | 
Rinaciants ; » hitict ais pr is 


o a0 & 


Figure-stone, see Agalmatolite. has Mina 
Fiorite, see (Quartz. AEP alate 
Fish-eye-stone, see Apophyllite. sual be 3 

Flint, see Quartz. at aio 2 
Flockenerz, see Lead, arseniate. 
Flos-ferri, see Lime, Arragonite, coralloidal. 
Fluor spar, see Lime, fluate. 
Fossil copal, see Bitumen. 


ae, 9 
a Oe 
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Franklinite, see Tron oxide. * 
lap tnm Fi ie fa Pees 
ie: gardit,, 1 reddish | ‘Ido a countathing Magnes. 1h ena 

Ful guri rite, ieee tearm ee ¥ 


ULLERS-EARTH. TONE eS lai 
cite... A's ware ‘prism. “Ts ‘patel by aliita to 
ca, vat it is not stated | upon what authority. 


Gisbhokire has aa ye Vig ts b 
Gapo.inirte. reas 
oF set 9, 0 An oblique rhombic prism, Pi on M or rM’, 
, about, 96° 30! 5 M on M’, about 115°. aM 
‘amor hous, | sa arts SF 
Q, Eg ate see ‘Zinc, oxide, dldenitious, 
Galena, see Lead, sulphuret.. . _ 
Gallizenstein, see. “Zinc, sulphate. 
Gallizinit, see Titanium, oxide, Tutile. oh 
GARNET. xf HOE 
crystallised. A rhombic dodecahedron, nett 
black, Melanite. gla ie 
.-++, from the Pyrenees ; Pyreneite. 
_, Sreenish, from the Baikal ; /Grossularia. 
“yellow ; Topazolite. MCR SR 
wens eric Py ONG alten ¢ i aS NAL SiS ale Na ee 
“ red’; ‘Pyrope.. Ria Fae a 
RF ~Pyellow3, Sucemiteetd!® T Cre eye Re 
loiue ~y brownish yellow 5 cp ‘Colophotiite. Ewe eon oie 
ofa Braue: a" ae i 
transparent ; Precious Garnet’ : Aland ne 
___ landite.. pee ee a 
“Opaque. and ‘greenish 3 “Allochroite. . 
Berzelius has, in his System of Miivistod?, éhiically 


Fe ren 
e+ anvp 


ws 
w 


" Green- 


2 ~; . pee *| 
Wi tae 3S 5 


ad} Gi 33) 
S2isye 


ma? ‘re the Garnets. into: Ae species. hi 
eee mandine. i. 


Gassa from.Broddbo. .. 
Pe pseu yi hceb tial at gh 
...... oriental, L iedaaneh tet A. a7 
.--... from Syria. OEE seal) 
Pit ieee So ate Swappavara. iy 
ith aie et Phuringigie ek? 
eeeeeee eee Dannemora. 


snippit 5 gon gbanshyttan. : 


Guwiiélacies 
Colophonite. 


aie re 
Chew sa 50 2 
ry 
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Allochroite. sromitnat .bieottontie es) 
But it is probable that most, if 


Fes 1 SET Ee 
not all of theserdis +) 
tinctions, may be referred to accidental mixtures; which 
chemistry cannot at present. distinguish, from the essen} 
tial constituents of the pure garnet... wih ior emegy 1) 
Geantrace, see Coabvicto: 9) dnc seman, can 
GrnenirE; Stylobat. A square or rectangular prism. No 
secondary forms to determine which of these is the! 
primary. otek: ae ty 
Geyserite, see Quartz. tiouidesothirA enews 
Gibbsite, see Alumine hydrate. © 4.) ein 
GIESECKITE. Veronese ¢ beet! La) aenbs 
‘crystallised, 4 regular hexagonal prisms:'The Trikla- | 
‘site agrees very nearly with this.:speciesiin’ its 
>| .\) ‘chemical composition, « and! possesses:the’isame 
crystalline form, with nearlythe ‘samer external 
characters, ..s<.\odul¥) {ie sod wth doiiieoeadl 
Girasol, see Quartz, opals. fant’ prrdadial! 
Gismondin, see Zeagonite. = 
Glance copper, see Copperisulphuret.: \». 1. tee: Heb adsense hy 
Glauberite ; see Soda, sulphate of Sodayaad Lime.’ >). 
Glaucolite, a mineral so named by Fisherof Moscow,.which 
‘resembles, in: colour’ and general appearance: the ‘blue 
 Hettstein from. Laurwig .in Norway.» The Norway 
, mineral.has cleavages parallel to the planes of awhombic 
dodecahedron. | serine fs nf nit * 
The only specimen I have seen of: Glaucolite is in 
the possession of Mr. Heulands i: pee os ny 
Goxp, native. thaid €af volebonrs 
joloo-. tperystallised.. regular octahedron, | 
fibrous. pow glphbiiebosl 
gramalafiel{ fob ims ban ooxersa 
 patheepholiste scious gi ai yan ue 
......argentiferous);, Electrums i 9) {) 9 
crystallised. fie boteitodiipaman 
amorphous. Or ef Bombs gis 
Gothite, see Iron, oxide, hydrous, wii) 2 ss ce 
Giammatite, see Amphibole. CEE 
Grammite, see Lime, silicate. Ory Mzebl 52, alinsaal 
Graphic ore, see Tellurium. cwisvaguiw? .. 2... axamcohl 
Grapuite; Plumbagine ; Plumbago:;:octurs.in. thin: hexa~ | 
gonal plates, or crystals, which are sometimes’ striated! ! 
parallel to their edgess 0 (easy Jason. coors vio 
Grenatite, see Staurotide. N68 5! ue 
Green-EArtH; Baldogee, . Shab) wa nchtient 
Greenlandite, see Garnetsiiie .sjciod .omidsaejotiblodust 


‘ee is! 


Be BASE ae 8 


gest ter 
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Gregorite, see Titanium, oxide, Pancha 
Grossularia, isee:Garnet. © Gioaancg a: ae oil 
Gummistein, see Quartz, Hyalivers isavadevann .gn0'% 
- Gurhofian, see Lime, carbonate, magnesian, compact. 
apm, see Lime, sulphate. : 
Hallite,. see onic sub-sulphate. © 
Hallotricum, see Magnesia, sal Stee Vices O" 
Harmorome 3. Andreasbergolite ; Andrbokites 3 Ercinite. 
A right rectangular prism. Mon a plane ihe? to 
class 6, 150°. 
Hayne 5) Wiatiatites (i Annhombies dodevahediork:i ia aother 
rei blue mineral from Vesuvius has been also'called Haiiyne, 
-ovoebutatiappears to be of a different species, to which, for 
\oouthe -purpose of placing it)in this® se eet Series, I 
have given the name of le tae | 
HAYDENITE. |. ui 
HEDENBERGITE. Is said to huve oiBevaiie® veiled to the © 
planes of an obtuse rhomboid similar to that of carbon- — 
ate of lime, of “which it contains only about 5 parts in — 
.691:100.0 Ef this be really so, itowill afford an instance of — 
the near approach of two rhomboids, belonging to dif- 
» ferent species of minerals, and will offer another exam- 
«ple of the influence of a small portion of: carbonate of 
lime to determine the form of the mass. stysinasyecahs 
Heliotrope, see Quartz, calcedony. pe 
Helvin; see Manganese, silicate. © © 9) sn 
Dr. Wollaston has kindly sepa i me rue hie ones 
mical character‘of this substance, and has' thus enabled 
me to place it in its proper station in the: list. 
Renae brown, see Iron, oxide, hydrouss: 
sat ah ees bint /-;ahydrouss: 
Hepatite, see Barytes. 0) 1. 
Hevutanpite; foliated Stilbitet 4 t sight ovtiquangted 
prism ; M on 'T, 130°.30'. 
Highgate resin, see Bitumen. 
Hisincerit. 


aut 


Hogauite, see Mesotype. oi i vekras fotiey 
Howumire, ataghas Us Ry Bae ga TO GIG 
Honey-stone, see Mellitésiie oor csopnd po 
Hornbleude,:see: Amphibole: © 062 19 so ymeety 


ferriferous, from Greenland, see bcbg 
Hornstone, fusible, see Felspdt, ye se Br 

infusible, see Quartz. ©. are OR de 
Humboldite, see Lime, borate, filiebones 


470: Sais OW NMI hs tafe” 


Humire. A right rhombic prism ; Mon M’, 790°, 22> 
Hyacinth, a hamé'’sottietites “applied » to a’ red ‘varie bec of 


Zircon, and sometimes to Cinnamoni-stone. ands: 
Hyalite, see Quartz. soaddt) 


¥ ’ Ba 


Hydrargillite, see Aldostwes phos hate. mir RY RAF 

? ? ones Te Wee ek he Jj BOs atibfeh 
Hydrophane, see Quartz; opal. 9 8°" « ee a bull 
Hydropite, see Manganese, silicate. 9° 9 tadastt 


Hy PERSTENE, blue from Greenland, see Amphibote. °° : 
ro “from | ‘Labrador §) Paulite.* ‘Cleavage’ paraliel  to* the 
oo planes; and: te Both ‘the diagonals of a rhombic} risms 
of 93° 30’. The bright plane which i is ‘apparent in 
the specimens of ‘this substance, is ‘parallel « to’ the ie 
short diagonal of the: prism.’ “There is no‘ cleava 4 
that I can perceive transverse tothe ‘axis of the Psy 
sosoatebut Dhave afragment of'a érystal which indiéates a 
oblique termination htichinning upon the acute’ edge of 
the prism. Row 
ve coovDHe Bronzite and Schiller” spar | havé ‘cleavages 
oul stented ‘to the’ Hypéerstéene; and measure! very nearly 
the same ;"but the Bronzite ‘is’ much’ ‘softer than the 
Hyperstene, and: the ‘Schiller’ spar ‘softer thah the 
Paivet aie ene’ are e probably’ therefore distinct mitierals. 
I J a shondti ' 
hae Moshe? Beilstein?! 838] 2901 9), 
» Nephrite: : ‘Ceraunite. © ERY on brit” 
anon’ see Zircén,' 2201384... 998% WP ok 
Jasper, see Quartz. | IRON? 
Icr-spar. A ri¢ht oblique-angled prism ; ;‘Mon nM’, 129° 40’, 
as measured by W. P. AAR cien 
Ichthyopthalmite, see Apophyllite. , ca Ma ae 
Ipocrase;' Egeran; Vesuvian’; Wiluite) °° 
crystallised, A right square prism 5 i 3 ‘on. a plane 
belonging to mod. class a,’?49° 50’. ©” as 
red, contaiitiig’ Magnesia’; Prigardite: sah 
greenish yellow, containing Manganese 5 + Loboite. 
amorphous. Ch tees ARO G08 
JErFERsoniiE: DOS S2SRRLARML [0 2G08X0 igiw 
woh igrystalliseds ©: The byieausts Fdcornbieibic of the opaque 
oS DUS yariéties: of Pyroxene.*” The’ eleavages are parallel 
»9"¢' the terminal and°lateral planes, and to both the 
diagonals of an oblique rhombic prism, of about 
87° and 93°, oblique from an acute ais é° "Phese 
angles are nearly _ those of. yroxéne, “to which 
norl si “species: this. riineral lity be found to 
: ‘OE ‘Belong. RO q é Yyoeacerosey sf AA Se , 3 
amorphous. 
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JenitE; [lyaitey Lievrit. .... » ee id 


he IN 


ta crystallised, A ri rhombic rian MM. on M, 12", i 
“fibrous radiated 


eyoek fr) 2 f vires MAG otf 
amorphous. ae MITHULD 892 
Jet, see Coal. vedas nn CA 
Igloite, see Lime, cartiotate Arragonitec) 
Illuderite, see Epidote. .9) 5 3. 4... * 


Tivaite, seeenites os. hen: 
Iypranire,, cleavage, “parallel , ‘7 thee A Neh ébe a prism et 
agp about ut..95° 15', which is the angle of ilieate of lime. 
\cieatite €y See Tourmaline, blue... yr 
lite, see. Lime, carbonate, stalactitic........ - 
pepe see Alumine, hydrate ads 3a Tanaokib: + 
He ul see Dichroite. fe dela A 
isd meta allexed with Osmium. 4 A regular hevagonat 
20 , prism DIAS E 


RON. - 
ge Fae ate A. cube, the eliedbioun: off which are 
vison y Sometimes defective, and such as might; result from 
~Rig 4» the tetrahedron as.a primary form... 5; 
| arsenical, see. Sulphuret, arsenical. .. ereay A 
afc _farbonate. ;, Brown. spar 3)  Stahlstein.... atisnoit 
1) “crystallised. dn obtuse rhomboid; P on P, 107°. 
fibrous. . 
the fibres parallakis otA .xaal 
»+eeee. radiating anit pele a. \ mammellated 
surface. Spherosiderite... 


ait ST TF eB ISTES sel gas a As 


89% 


chromate. ye guages | 
‘oa coey enystallised.... 4 regular octahedron. W. .wxeesnal 
“~~ amorphous. Wed haruasam 

native. 

~.++- meteoric; Aerolite; as Bolide Meteorite 
ncraler ee eer Steel, 


 oxidulous 5. ‘Magnetic. ee | 
crystallised... A, A regular octahedron. 
j fibrous... : 
~ amorphous, : 
with oxides of Manganese and eva FE eankk 
_inite...This mineral crystallises in regular 


3 
SHPEGG Of. 


Woiferic. Bk eo: octahedron ; ; and the Manganese, and Zinc 
bit a3 Pei d v8 are. operable only. seninoaNl iigsares with 
ods Yo werd , the ‘ron... So ta clo. einnoapih 


s2Sri ,( Ox1a ee.) ahh or eit S68 Js ano capil ope ae 
f _ anbydrouse, HR batgdis 
fr Ry ith RY = ¥ ‘ ae) 
ok ‘Brant ‘att fr, ystallised ;. SGlsaate, Pied seospec 
er An. acute rhomboid ; P oh P: 


AT2 ss a "LIST OF MINERALS, THEIR, . »- 


foliated ; Micaceous. ‘ton ntticthles: 3 
‘bad ,Wulidic decalpagArondiroth.w'%:\ hs xcehmnensk 
— fibrous ; red. vei orig « dees dst 
_. compact ; red hematite. — -.; 
earthy ; ted ochre. Maat ai 
red siliceous Lron-stone..». 3.) 6 ass 
red clay-[ron-stone. | 
compact. wna ycaees 
columnar, | vinsch yeh 
ov» earthy.» : 
hydrous. 194 
_ crystallised. aecahe iene prism; M on M’, 
130° 40'. . Cleaves-easily in the direction 
of the short:diagonal of the base. Crystals 
of this substance occur at St. Just: ia 
Cornwall, and with crystallized quartz 
at St. Vincent’s rocks:near Bristol. Those 
pe He fe. aki teatite Vincent’s,,xocks have,been for- 
ies \ sani es ,»-merly supposed to,be: Wolfram. 
scaly; Gothites;;. hsm aa ; Rubin- 
ellpatners } 
«ane «did 2G CA DR QH SA Lepidocrokite. A 
tw. Eswe fd fibrous tietowun hematite, containing a greater 
proportion of . water than the crystallised 
variety.) 
» compact brown hetinttitass Stilpnosiderite. 
earthy; brown ochre. s+») 


brown clay-iron-stone.. vt 2p \enestatine 
globular; pea ore. © chimes 
lenticular. ets aie 


compact. sagen eh be a1 
earthy; Umber. = 9:00) 


yellow clay-iron-stone 


fibrous. Oy eres: py : = oa § via ine 
compact. Laden 
earthy; Yellow. ‘ochre..2veudit 


mixed with clay, and sometimes. sand ; Bog, 
; Meadows: Wha; 3 Tron.oresy, Limonite,. sineel 


phosphate. 
crystallized ; Vivianite. A righ Cease 
prism’; M on T, Matt 4S ae lex 
+ earthy. aperrindegels 2 a88 ile 
~sulphate; Melanteria. 5 san 


~ green crystallised. An dbligiad idhotakio: peie 3 ; 
i P on M ee hag an 30M. on sale Be i 20. 
fibroutsjtyidmeNeipine sien! : Te 


SYNONY MES, “AND PRIMARY* FORMS. ATS 
oii EN Ey ae 
decomposed. The ~Meranenltete ind Misy and 
the red sulphate’ ‘are, according to Leonhard, | 
related to this Wi ie but — composition 
is not given. oT | 
sub-sulphate, resinous ; Pittizite. 
earthy. . 
sulphuret ; Iron "Ci eniad 
Common. 68 ho: ae 
crystallised. 4 cui sahie modifications of. 
. which are frequently defective, and such 
as might occur if the pentagonal dodeca- | 
- hedron were the peeery form. 
aigseys.? -auriferouss OEE BOR (a 
a. _ fibrous. edase .2iahh,. Be 
ee ee “hexagonal prisms, “probably pseudomor- 
phous. 
arsenical ; arsenical Iron ; y Mispickel ; Marcasite. 
“ erystallised. A coe: rhombic “Ca M on M; 
TAR? BAe a 
pana hy 
wceee.ss5 argentiferous. ... 
‘magnetic; cleavage parallel . to the Slates of a 
“regulur hexagonal pl sa 
white. 
crystallised. 4 right rhombic prism; Mon Mi, 
106°. 
scheelate of Iron and Manganese; 5 Wolfram. 
crystallised. A’ right oblique-angled prism ; 
M on T, 117° 22! »as alenbved by W. P. 
fibrous. 
amorphous. | 
undetermined species. 
green Iron earth. 


asin gage a -.. fibrous. , 
Perse ars + aE Reet containing Lime aaa Copper 5 
‘D@Raloesiderite. | 
Iserine; see Titanium, oxide, forrtfetoud! 
eat cts: ra Kas cua f. ~: Deneiledey aa 
Kali, see Potast, eG) “REE CR no. Bip pwrereg o 


Kaolin, see Felspar, decomposed. 4 
se on Occurs in fibrous crystals dating from « 
~ centre, | ‘but ‘those which I have'seen. are. Lad aimperfeet 
to admit a determination of their apc 
Karstenite, see Lime, sulphate, anhydrous. » 
30 


AT MIST OF MINER ALS; THETR’” Y “ 
Karstin, see Schiller pare fe wilde wh opbaronds 
KEeFFeKILLirE. On athe Moon M, 
Keraphyllite, see Atel phTENE: PHM SED B BOig wee a 
Keratite; see. Quartz; ‘hornistone.9 thio taletshd qlom 
Keratophyllite, see ‘Amphibole. (ENTE Qe iH 
KiLLeNIre. re 


Kil, see Mazon, icebae 

Killkeff, see Magnesia, siliceous: Sei ding joie ie 
Klaprothite, see Azurite. , ate sisi 
Knebelite. apes dk dias angnonsvawrsc hace, 
Kollyrite, see Collyrite. yf ATARI ¢ G8 GeOnY 
Konite, see Conite. ~ Hype pO IELTS 
Koreite, see Agalmatolite. 

Koupholite, see Prehnite. 

Kupferschaum, see Copper. 

ete? see Cyanite. 


ee eae FE 


Lapis lazuli, see Lazulite. 

Lardite, see Agalmatolite. ao 
Lasionite, see Alumine, phosphate. PEABO 
Latialite, see Haiiyne. BORD ed 
Laumonitr. An oblique Phomtgs cen Pox Mw or M’ 


113” 30! ; M on M’, 86" 15’. : ; 
Lava: compact) me Dh spteiianeion. yas. leceutiels Ss 
vesicular. Lisdelagsaseyn' lac vieuad aaa 
YOM Ero tiie amie a AP Pe OO: eRRFIT (Bs 8 paerigeoih OV ty abs 


earthy.» nasehanha 
epee 3 Lapis- jets 1 Nathbie ioditihedton. The 
Azurite has also been termed Lazulite. *” 
ELxap. oa 
arseniate ; Bleiniere; Flockenerz. 
crystallised. 4 Sle pena gonal prism. 
acicular, = é erie ch RASS 
filamentous sveoisine &, bas huh Bolas. 
compact, mamellated. LAO UD 
arsenite, fibrous..  ~ seen aye dy 
carbonate. | 
crystallised. A right: No wibie prism, M on nM; : 
117° 18’. 
columnar. ngs, 
ne geledlanyo 2 Mia sy oontroy ai ae 
. compact, mamellated.: 
earthy. . oA 


My 
ED. 


SYN ON MES)-AND PRIMARY? FORMS. AGS. 


atin: An oblique rhombic prism’; P on M, 99° ihe 
M on M’, 93° 30’. 

Piao .-5 of Lead and Copper Vauquelinite. ) 

molybdate. An octahedron. with a square: -base ; 
P on P’, 99° 46’; Pon: P”, 181° 15’. 

murio-carbonate. A ‘right square prism. 

native, 3 


- oxide, red; Native minium. » 


yellow. 
hydro-aluminous ; Plomilieenae. 
phosphate ; Polychrome ; Pytomiorphite, Pa rc ee 
crystallised. An obtuse rhomboid; .P rote 
110° 5’, as measured ‘ Py) W. P. | | 
fibrous. Rae tErE 
phosphato-arseniate. A réeialion hewagonal sider 
This species occurs at Johangeorgenstadt in yellow 
hexagonal prisms with the terminal edges replaced, 
and in small yellow hexagonal prisms at Beetalston, 
sulphate, crystallised. ap age sian tages yi on M’; 
103° 42! silage Yee iinet 8794.1 
earthy compact. — iy 
sulphato-carbonate. . 4. iviitht: obliguenangled p prism 3 : 
M on 'T’, 120° 45!. re 


OM sulphato-tri-carbonate. dn acute rhomboid Po on, Pi; 


72): 30% 
cupreous sulphato-carbonate. A right rhombic prism 3 
M on M’, 95°. 
cupreous sulphates A ied oblinncestindled prism ; ' 
He on T, 102° 45’. This substance occurs at Linares 
in -Spain,: and: has. been described .as cupriferous 
Garidnaten, Reet wood ‘ok eegen 
sulphuret ; iGalena. 
mcrae ck A cube. 
Jamelilar. . 
romp “Sthel- graded.” 
. of Lead and Antimony. - 
crystallised. A cube. 
compact; Bleischweif. 
Spek ala eh of Lead and: Arsenic. | 
ne a: tae Lead aeptimony and Silver ; white Silver ore. 
bY La PCO Pt s5+0t3 grey Silver ore, 
dentate less silver than the preceding. 
SVS -of Lead, Seen Se ee sre Bournonite ; 
. Endellione. So eee 


“802% 
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crystallised.) 00.4 >»right. nectangular prism ; 
M on a plane’ belonging: to mod. class d, 
136°. 50’. 
“af Lead, Bisamth,, sc ‘Silver Bismuthic 
nleotn) vsilvers 3 
scheclatife dail 
Aeedallivens er ae in aright. ita e prisms. The 
only crystallised specimen I: nave Seen is in 
_ Mr. co lammpars cabinet. ©) iu: 
LEELITE. aii 

Lemanite, see F mbt opi isieien 7 Bis 

Lemnian earth, see Bole, fe biogteds! teva’ 

LenzinIteE 5 Wallerite. 

Lnouhiece ; Lillalite. | 

' crystallised. 4 regular. hexagonal, prism. 
lamellar. isibse 

_Lepidokrokite, see e Iron, eure HEE jimogeris 

 Levcire; Amphigene. _dcube. 9. 

Lenaalités see Dipyre. 

Lievrite, see Jenite. 

Licurite, said by Leonhard to ey an adhdiggen fhombic prism ; 
P on M’, 146°; M on M’,.140°.. Ihave» not seen the 
subutance: | ERAN, 

 Lillalite, see Lepidoite. \. : QihBod tha, dgieoaysed 
Limpinitr, ~ biaksotsasll ‘s aihom 
Lime. 
> arseniate ; Pharmacolite. 
» borate, siliceous. 
crystallised. 
from Norway 5 Datholite; Saleen ie 8 A right 
- rhombic prism ; M on:‘M,:103° 40’. 
_from: the: Tyrol ; Humboldites An, oblique 
rhombic prism; P on M, 91°25‘; Mon M’, 
115° 45’, as determined» by Mr. Levy ; 
see his paper in the Annals of Philosophy 
for Feb. 1823. This:variety probably 
differs from the Norway; Datholite in the 
proportions of its elements.«°: > 
fibrous, botryoidal, otro lee 2 
carbonate. 
crystallised. An Shins, rhomboid; Pon P’, 105° 54. 
nacreous ; Scheiffer spar. | 
-crystallised,. in thin crystals, » belonging to 
mod. a of ithe. Rabies! | 
laminar ; sphrite sixIThLy 
vo Sealy, i in expres SEED 
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meareey rund Pelee Sractyporites ‘lis 


iy fibrous. 
laminar, 


ijuoneie? = JameHar..: 


- compact. Marble and common Limestone. 
slaty, containing shells ; coat yaa 
» globular ; Oolite. 
vearthy 5 -Chalk. : 
spongy; Agaric mineral: 
pulverulent : Fossil farina. 
stalactitic ; Tiatiteye 
botryoidal.. 
tubercular. 
globular ; Peazstone 3: Pisolite. af q 
incrusting ; Tufa; Ostrecolla... - . 
sedimentary. T ravertino. . pstioae 
arragonite ; Igloite.. 
crystallised. A right gecesi prism 3 ; Mon M,, 
116° 10’, measured on nlpasee ee 
acicular, radiated, De 
fibrous. BEETS 
coralloidal ; Flos ferri. 
compact. bat 
magnesian carbonate ; Antbraéobttsis Bittersisinti Mie- 
mite; Muricalcite; Pearl le Picrite 5. Tharan- 
dite. 
crystallised. Anobtissemisthtstifids Pon P’, 106° 15'; 
the crystals are i. gan y pearly swith curved : 


surfaces. : 
‘égeanularss Dolomite. 
flexible. — 
odo. sh er jnparh sh Gurhofian ; Magnesian limestone. 
vo oo fetid, tia 
a Hitumindes: 
oval dlntainonss: / “Marl. 
row Mt iiss coke 
spin bd 
Sinaloa JALgUStS 


arystautileds A aan octahedron. 
Ari straight. whee: 
Lig ‘curved. 
Sita ctitia: 


20.2@0:90 compact. 


earthys Ratoffkitt. 

quartziferous. tinue RA aay 
aluminiferous ; in single obi Derbyshire. 
chlorophane. 


/ 


ATS: ow PAST AP, MINER rota, THESE 6 
nitrate. - Oe vi : N Pane gare NY isdoemat 
acicular. sty byik 
aback find 


“orytalied. ate regular hebheonas prism ; M ona 
plane belonging to mod. class.c,. 130°. 10! (onl 
the crystals yellow s) Asparagus stone... MM 
ody s aioe tatsh ss , Moroxite.. Ae a | 
fibrous ; Phosphorite. | po. 3 Wa atti ME 
4... betryoidal ; Phosphorite.. © 06 60)..6° 04... 
a _. compact. ‘er 4H Gs 
- pulverulent ; \ Perre de Marmarosch. 
quartziferous. Ey a See 
silicate 5, Grammite 3 ‘Schaalstein ; Tabular Rar 5 “Wol- 
4 oer lastonite, 
_ erystallised. A doubly. oblique. prism; P on M, 
126°; P on T, 93° 40! ; M Lanse 95° 15’. 
gi GDrebse: isudeG. ble Bi Bs 
“sulphate ; Gypsum. . 
Poe oerystallised ; Selenite... A righ calilere-angled 
rar ae prism ; Mon T,. 113° Ble 
foliated. 
fibrous ; Gypsum. ba 


<i 


A fi 
Wa AY, 


(1 a sealy,5 niviform Gypsum. pure ane i 
“ogoy oy Compacts Alabaster, 6... gs 4 
gi fo « CALE b 


calcareous; Plaster'stone.) ... 


‘anhydrous ; Anhydrite ; Bardiglione Karstenite; > 


Taree ke _, Muriacite. q AO, EAT 
no crystallised. A right rectangulp, prism. 
fibrous. is a tp ff 4 eis. 
yrds es contorted, pierre de trippes.. 
angler & gay FY compact, "eH ars istewiy 


quartziferous ; Sy _Vulpinite.. Acfitt 
scheelate; Tungsten. i aint 
crystallised. An octahedron with a: gugre cetbe’ 
Pon P’, 100° 40’; Pon PMs 129° 2. 
Limonit, see Tron, oxide, os | 
Linbeperss see Copper. arseniate. nt 
Lipalite, see Quartz, flint. . 
Litheosphore, see Barytes, sulphate, radiated... 


aon iy 


; k 
ayes | Aty ‘ive :¢Q fan 
ioih Se FILS AR WEIS 


Litgomaree; Steinmark. ei CO 
Liver ore, see Mercury. sock ak IE 
Loboite, see Idocrase. OL! Sy erodago 


compact. eh, h serf wae VID 


Lodalite, see Felspar, 
2 Sivaure green diallage. f 


Lo otalite,, see Amp ribo. 


ne pKa} beh 


— = 


7 hee 


aa 
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Lumachella, see Lime, carbonate. | 
Lydian-stone, see Quartz. Jul he 
Lythrodes, see Fettstein. Ieee De wahai 


2% ae » AY > laste + P 
MEST Bid Se Ps 
P rs) 


BAR PAS 
@ 9 ny ge fem 3 HSE | vee a M ey BY hanel pets 


e ep4 ifyftifwel ae. 29) 


Macte see Chiactolite.” ably eihis 
Maclurite, ‘probably’ Goharsatieer eS 
Madreporite, see Lime, carbonate. os 3 
’ Maanesta. Loi 
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borate; Boracite. .4 cube. duit ‘of. the secondary 
forms are however such as might result from the 


regular modifications of a ‘tetraliedron. i 
_ carbonate, | 


determination of their forms. 
pulverulent.. aioe ot 


 erystallised,: aH New P Frage but the crystals I 
have seen are too imperfect to_ admit of a 


«-e+.-..0f Magnesia and [ron ; yellow Bitterspar from 


the Tyrol. 


“erystallised. An obtuse rhomboid + Pon Pi, 
107° 30’. See’ Annals of Philosophy for May 


1823. 


-+...... siliceous, compact; Baudisserite ; “Magnesite. 
The silica probably not essential to the species, 
which may be merely a ‘carbonate: mixed with 


silex. 
pulvensgcr Razoumofiskin. . 
ge DARI gt ipo BL ees Sle: baualh 
hydrate siliceous ; Meerschauen : / Myrsen ; ; Kil; 
keffe. - 
ialetate ye OP Magnesia and Soda; Bloedit. 


sulphate. iM 


Kill- 


crystallised. 4 right square pre ; - M ona plane 


belonging to class Cy ete oo 
fibrous. hs 8 
. “earthy. , Matyi lb dai «5 
oS Se POF Magnesia and. Sci | 


«sees... 0f Magnesia and: Iron ; “Hallotricum. JOO, 


Magnetic iron, see Iron, oxydulous. © ollie 
Malachite, see Copper, carbonate. 
Malacolite, see Pyroxene. 8, an 
Maltha, see Bitumen. 
MANGANESE. 

\ carbonate. 


crystallised. An obtuse rhomboid, Pp on a P, about 
a 107° 20! but the Plantes of ity eo specimen 
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I have seen are, too, much’ Curved 40 ;admitof! 
a very precise measurementanuG oo2 ,ctiliaelt 


foliated ; Dialogite. bea'y yauosalt 
wate bead compacts, Rhodochrasites ve tipi A. Woden 
mi siliceous. “Ba .S eaelo bom of yi 
anhydrous ; Allagite:s Photizite.: > ,aviiga 
cama |. hydreuss: BB io SAS oie HOY) «iat 
hydrate. a 
oxide. . ea : inudelee 
“ }),oerystalliseds 4 night st onde prism,M on M’, 

! 100? one . + 9? pndia 
compact.. hil wiey Lay 
earthy.” 1 EGNIO 

Wad. AVE Roth bs. egtals 
HbrOUS cope dee? 24 ita: oF 
» frothy...’ ii duibd sed asoal 
earthy. — did oo seu aToe7 M 
silicate ; Red manganese mete dk i . arpiyoes i 
fahtatedt? aay Toes MI 
iE 420 COMpAChA. awasiee vatiwodee teats Wo bpabigdagto 


Cb arate delving siiiaes see. wiodoly aban 
ses gac's. “eaydropite;  gydiiee.... 
o}inges ele +ay ferriferous, -in, adiahedeana from Piedmont. 
| * hydrous. , oust 
The precise differences. hetweew the preceding 
varieties cannot be accurately stated, thererbeingiv’ 
7 sae) extict descriptions | of ‘the Afferent itinerals 
-analyseds except.of the Helvins..\%s wx ef aviv 
pti are of: tron and Mangannie es x04, Mowe 2 
ce sulphuret. Lee iivad semem@ da dpear 
Marble, | see. Liget sete boy compact.» ngiadae iaaistib 
Marekanite, see. Obsidian... evr eBags 
Markasite, see Iron, sulphuret, keunodlncp need ovad 
Mari,. see. Lime, ALUMAROYS. iy vari! y art aad vetoed eins 
Magcagnin,. see Ammonia, sulphate... jotrey sae Fe on® 
Meerschaum,.. see Magnesia,, hydrate, aibaulievass te, smo2 
Mrionite. A right square. prisms, mod.ods on aplane 
belonging to class a, 122°. This. species,nearly 7 conress: iyi 
.. ponds. in. measurement, and. whgmira. composition iwath: fy, 
~ Scapolite. r 4 FB 
Molde see Garnet,.black. .. nen Ath sae ,etimell 
Melanteria, see Lron, eptalate. aveteive piOTk $98 igaoie ail, 
Metuiuitt. A right square. prism; determined: bysW. ail 
from measurement: of. Jateral primary and secondary: 
planes. seed od [aitenD eae stnsloM 
MELLITE ; Honeystone. ore actglegdron with a square base, 
P on Pp, 03° 7: Pon", 118° 31". 


~ 


Oe en en ee ey ee 


Be 
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Menachanite, see fhe bebop be crvadl) & 
Menilite, see Quartz,» Sinn ai) A 
Mercury. aesigolsi . Deke 
muriate. A right stoi prism,’ M ona a plane belong- 
ing to mod. class * 158". j 
native. a 
bate heat niuentibtienn ; N abiiee?) amalgam. A rhombic 
dodecahedron. A PEROT 
pag nee Cinnabar. mish et 
“0 00 lerystallised.\ An acute rhomboid, Po on 0 Ph 72. 
fibrous. 
pulverulent. 
compact. 
-. slaty. as 
hepatic ; Corallenerz ; Diver ore. 
Mrsonz. See Edinb. Phil. Jour. vol. 7. p.7. 
Mrsoxine. See Edinb. roe aeons ines at 7, ve 
-Mesomite. "4 i ee ce 
Mesoryrer. IG 
crystallised. 4 right rhombic prism, Mo on » MW; 91° 10°, 
red, globular radiated ; ‘Groealite. patie 
-.. .earthy ; Edelitex: 
‘yellow, globular’ radiated, or reddish or white s Hogauite; 
Natrolite. 
Meteorite, ‘see eee, native. HeTIE 
-Mraszire.° ate ii tt ) 
Mica. The enpatiilling form of the bien Mica fein Vesu- 
vius is an oblique rhombic prism, P on M or M', 98° 40’; 
M on M’, 100°, as determined by W. P, froin méastire- 
ment of some brilliant crystals. From ‘the analyses of 
different substances which have been denominated Mica, 
it appears probable that different species: ‘of minerals 
have been comprehended under that name; and’ that” 
among these there may be different crystalline forms. | 
One of these varieties appears; from the direction of | 
some of its cleavages, to ee ed in som prisins, 
which are probably hexagonal. et. 
Micaphyllite, see Andalusite. © = be Aes 
Micarelle; Pinite and Scapolite have both Feet ander this 
name. 
-Miemite, see Lime, carbonate, magnesian. 
Mispickel, see Iron, sulphuret, arsenical. (ess cia iv 
Misy, see‘Iron;’sulphate, decomposed. 2) 2 
Mocha-stone, see Quartz; Agate, dendritig: TEEGORE FAPT: 
ee see regen eee or ait 
Ho Stpies w 5 We —_ ig SUP TAN AOL 9 MG 
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MotyepeEnvm, oxide, fibrous. ebst ao2 gstrigaVi 
_ pulverulent. wiginees daw) 
~sulphuret. ‘The:formof the: only. crystals iE: hae seen 

is a regular hexagonal pe which «is ‘probably 


the primary form. istaoaitpe |; 4 
Moon-stone, see Felspar. ia uid - 3 hilxe 
Moroxite, see Lime, phosphates)’. i999 (9 jovunglue 
Mountain, cork; leather;wood, see, Ashestus. HW i's 
Mountain meal, see Bergmehl. sngiaesi Tsee ,omirgiVl 
Mountain ee a intiin gdesto ose) oti 
Millers glass, see Quartz, suger sie ocrlleniqed sae .nieoVl 
Muriacite, see Lime, sulphate, anhydrousiy) : min oavoV 


Muricalcite, see Lime, carbonate, magnesian. 

Mundic, a name given by the sae miners to Iron Skee 
MurtAtic AcID. athiw ctoanoloW od vara 
Mussite, see Pyroxene,s 0 9 ome) wrt on 

Myrsen, see Magnesia, pyiutiel silicasah, 


N 
Naphtha, see Bitumen. adihxe 
Napoleonite, see felspar, wicdiitietsa v2) Se: ,stirher 
Napouite. A blue mineral:from: Nestiveus, Pn 
Philosophy, vol. 7..\p..402. «I have: called sit Napolite 
for the purpose of distinguishing it by name from Hauyne 
with which it has been classed,’ but: to; et species it 
appears not to belong. no sear aivilO 
Natrolite, see Mesotype. me 
Natron, ‘see Soda.) 9 9 adi 
Necronite, is: probably F aioe ‘Tha nm aed) leila pro- 
ducing bright planes at right angles to:each others, and 
an indistinct oblique cleavage, and: has. wane same lustre 


and hardness as Felspar. ernagy gaz ilegO 
Needle ore, see Bismuth, angen oe se ae -go2-,9hidgO 
NEEDLE-STONE 5 S cabendbels: “uns sd oe yedmas micril d 


_ crystallised. 4 right riiistoie prism, M on My 91°:20") 
The Needle stone from Iceland,» and: thatofrot 


Faroe, afford the same nheddakieraentscbiy’ theres 


flective goniometer... «Dr.: Brewster: regatdscthem 


however as distinet species 4 rsliidod a2 stile1iO 
acicular. 
pulverulent ; Mealy stilbite. 
Neopetre, see Quartz, hornstonestiicismiagh «vse .aiil boyé ci 


NEPHELINE; Sommite. 4 regular hexagonal prisms: Mn : 


a plane belonging te mod. class tj) 134° es ointment 

The Nephelines from Monte Sidhichmsakieh fror\Gapordi 
Bove, afford an instance of chemical discétdance in rela- 
tion to minerals haying the’same crystalline form. 


Se ea” 
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Nephrite, see Jade. fund? bine aronzcrrireM 
NIcKEL, arseniate. relies 
N892 HT8 errr shi or: a e other substances < -Pimelite, 
Udsdeseniaalos eta Fonoawn nls 
JR POY axitiindnial teeny 
onl ¢ black. HO SiePorn nh hz 
sulphuret of Nickel, Arsenic write tiem Roni h 
eee Seen Nickel,’ erie a man rk eee ietaela 
Nigrine, see Titanium. oth OTA 


Nitre, see Potash, nitrate. oly 

Nosin,' see Spinellane. on 

Novacurite; Turkey stone. © ~ eA 
eotiryg norbohersait oD sihl YR evi goin HA Oho 


Onsrpran ; ; Volcanic lah, OMorrarao MM 
in small.rolled ancl To eiens tight C468 ken Vi 
fibrous. . eh oo EER 6 ae - O27 y A 
amorphous. 

Ochre, see Iron, oxide. 

Ochroite, see Cerium, oxide. mga oor adhige Vi 

Octahedrite, see Cerium,-oxides!» .ihvelol Sa2 cotiaslogsVh 

Opekrr;\ probably’ Black mica. 0 8 rr 

Oidanité, see Titanium, oxide, anatase. * for Pedgesoltld 

Oligiste Iron, °see Tron, oxides) see egg oa) ae) 

Olivenit; see‘Copper, arseniatés © 1) sin ce 

Olivin, see Peridot. isd 4 6 

Omphazit, appears from the specimens ayer bhai to es a 
mixture of Garnet, and that variety of Amphibole. haat 

-org byeHawy Green diallage,: ‘and probably oe roa Vi 


fs 


Rios aii operhaps’an ore of Titaniom ter aherid a at 

Oolite,: see Lime;:carbonatewss') ooviide joeebul 
Opal, see Quartz. sel Sep ieesdbicd Dink 
Ophite, see Serpentine... righve «HU Mie Aas ‘oe siheeV 
Orpiment, see =e yellow sulphur Howe sree 4 
Oheriee! Mi so MM jordin WHA AEE NY Uboeiffeberts 
Orthose, ‘see: ‘Felipates! phere? Siete! Shes i al? 
Osmium 5 occurs: alloyed: with Iridium, wei see | 
Qsteocolla, see Lime, carbonate, — ritgon 
Otrelite, s see Schiller SpaPodcye suditeih em) sees worl 


Pagodite, see Agalmatolites elaeredt: wth) 298) (ottegos } 
Patiansew;; nativenss’ wolwae K cetigeida Yswudys 
Paranthine, see Scapolite, > 00 6) oniaco's 
Pargasites: ‘seexAmphibole. aol) mov? esaiten 
sic oh see) e Hyperstencs 1 HAS ersdeahy ) 
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Pearl-spar, see Lime, carbonate, magnésianio' There has-been 
much uncertainty in the uye’of theterms:Browm sparand. 
Pearl spar; the first of these having -been#applied até 
carbonate of2fron; andealsovtoothosésvarieties of Pearl 

oS spar) dor Magnesiam carbonate: of! Lime,» which are of a 

asolbgovtal dolouryi and» probubly:tosome: other of the car- 
bonates, of vod and of Manganeses's¢, ao2 ,diasaoall 

PEARL STONE, ~Sgst? so¢ ,stigadmolT 

Peat, see Coaliiavis s~otbyd ~sbize baad, aac cpramozedaolt 

Pechuran, see Uranium, oxide, ferriferous;: ) oo2: ogadau!t 

Peliome, see Dichroite. -¥fl1s° eSiis ule ae evista gaidgileD 

Pentaclasite, see Pyroxenesisdqeudg < david, goz, ,amoudoyloD 

Prripor. ‘ ATiEGAHT ION 
crystallised; Chrysolité. . > wiht-rectangula prism’, 

M on a plane belonging to mod. class: a, i442 130!, 
granular; Olivine. | ivi, s sisi 
»s.+.+s+9 in a decomposing state ; Chusites! i 

Peratire; Berzelite. Cleavage? parallel to ‘thezplanes2of & 
prism of 100° and 80°, and toebothiits diagonals sowith 
indications of a cleavage oblique.to itsvaxisi) asa o28ed. 

Petroleum, see Bitumen. _ nae, 

Petro-silex,a hamevapplied: ‘sometimes to shaapists Gelepar, 

-) and sometimes: to compact:variety of Quartz. 

Petuntzé, a Chinese name for one of the substaanesdited ii in 
the manufacture of their porcellain, whichas probably 
Quartz. efuptesti. Pesta | 

Pharmacolite, see Lime, arseniate. kagok go28  shinagd 

Phengitey: ‘referred by: Leonhard: both to feahydaite ian hl 


bai "Top AZa0) 26 rey ake ghee GERRI IG see 3 Jb ipé ayo yah gead 


iPhouphosi tes: sed Lime, phosphates :fibrousis 2100) fost 


‘Photizite, see: ‘Manganese: laheisolma icles Hien napil of as 

| Physalitey sed Bopagss adi onisnoich of jogigagmi oes 
- Picotite, see ‘Tourmaline. modes shilorigsry 4 
PicroxireE, a fibrous radiating. iackiatens ahade ai poniata 
pentine at ‘Taberg in Sweden. -onsxory‘i 992 gnogry 
‘Picriteyseédlimey carbonate, magnesian. -01L 992 “ote q 
Pivtita,} seeZbarmeritemsy d.) ssiilemoryh ~ariasmeoay 
Pimelite, see Nickel, oxidegioi) > jose peer ak Som eT) 
Pinire. A regular henagonul prism. 32mse) 998 eqoryd) 


A very soft substance frowarjeERbveo esl dea qumeetid ! 


under the name of Pinite, but from analysis:as:well‘as 
external characterjit appears:to, bea separate species! 
Pisolite, see Lime, carbonate.s):/s arboryd o92, iilsazon yd 
Pistazite, see Epidote. | Maxon D 
» Pitchblénde3/ see: Uranium, oxides fertiferoaswiliaisgo. 
> Preettsvont ; Deodalite ; ; oA iplcipen Retinite. 


rs i < 


ge Tn” | eee see a 


Pe apne 


t 
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Pittizite; see‘Lrony sub-sulphate.: odrad fomabkeay heqe-lieet 
Blasmagenee Qilantrspcaléedonye 1 Sid mt ytaisiesan yi jun 
PLAvINay nedivdeguivediadaiit: Id tetpadt:deqe iiss 
iissthe do dediais: yalloyadowvithi vother metals; etereycian 

6 to ots Sissw.black, containing a larger. quantity of the 
180 of) to sore of dridium ‘than the common, 1 Platina does. 
Pitas see Spinelles a0 Yo berks st! 

Plombagine, see Graphite. . 
Plomb-gomme, see Lead pixie hydro-aluminous. 
Plumbago, see. Graphite. »» >b lp wiaked ctseinaes Ub emp. os 
Polishing slate, see per earthy. votitriehitd) uo 
Polychrome, , see’ nenls phosphates as adzanik abe ii 
PoLYHALLITE. > ° | 7 rod 
Rorcellain; Jaspers see Quartz, Jaspers oqubaaitdtey 


Porasui; 3 Kali: DORK OF WHIZ Srp Lee ae Obs 
nitrate ; Nitre. wait > wlewery 
fibretias i : Ty Sere ; 
Potstone, ysee’ Talc, a hindadins vasiavesbiiing idl .otipswars 
Pouwnxa, :see: sh aihcgcgvepis bern isR dire tO lew ensiao 
Prase, . see Quartz, ': sO) ep Pane wees BiiO ado rao i 
PREHNITE.. beret as 


ekauye ‘erystalliseds «Avight. rhonibic dais Mo on nM, 100%. 
the: ny diale: or veniie nye pany wee 32 3 Kocepholite 

ai befibrousaiedwe oti | 

yidaccompacts! \-v igs isrogin macs pa etEeED us TSR sy: 

Pumice; Bimstein. 

Pycnite, see Topaz. | : | 

PyraLionrre, from a small: Hales hry with which) 3 have 
been favored by M. Nordenskiold, its discoverer,! I find 
that there are cleavages parallel to “the lateral planes and 
to the diagonals.of:a rhombic. prism, But the planes are 
too imperfect to determine the dit of in hastins ie 

Pyraphrolite, see Pitchstone. wilinarinod weea! .siieat 

Pyrenaite, see Garnet, black.s) 6 sox ioe) 2 oo he 

Pyrgom, see Pyroxene. «. poths: | 

Pyrites, see Iron, sulphureti; ae weit Ef BM geal t 

Pyropmauite; Pyromalite...A reg gular. iaesiticaimee ie 

Pyromorphite, see Lead, phosphates yisakei Fina 


Pyrope, see Garnet. 9) A. wollies y Roo esaraun 
‘Pyrophysalite, .see: Topaz. pmsdeciv2 Alwarivasy -A. . ! 
2PYRORTHITES 669 Oo i. SRE Se Dabo 


Pyrosiderite,::see Iron, oxide, hydrous. sigie, [nates 
Pyrosmalite, see Pyrodmalite. i001.) oo ) asda parifozi‘l 
PYROXENE. 
crystallised 3; 0A lalite 3) iAugite 5 gn ee Sider ‘Diopside ; 5 
Kassaite ; >: Malacolite; \Mussite;. . Pentaclasite ; 
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Pyrgom ; Sablite3;Vuleanites the igreeni:prisms 
which accompany the Jenite!from Elbas(and which 
have been, called Hornblende ;' theowhite-Pyroxene 
from New York; and Bournon’s yellow: Lepaz:from 
_ Vesuvius. An oblique rhombici:prismyiP on M 

» 0) oF Mp 108s Mb oe My87° 50 o yacorg : 
esyuvad 9) Several, of, these .varieties,-particularly. the Sah- 
: lite, have a cleavage.-transverseto the axis of the 
prism, which the others have notis:But this cleav- 
age appears to take place only :where.some-foreign 


‘at matter is interposéd betweén’the laminanof the- 


crystals ; for the same crystals which may ‘be sepa- 
rated atone, of these.apparent junctions; «ednnot 
be cleaved in the same direétion in other parts of 
the prism. . NOLemMoed pi1sqasf = 
granular; Coccolite. laainie-: bape 
amorphous. | . doeione 
fusible. The cleavages and the-angles-ofi this variety 
are similar to those of Pyroxene,lasnedrly as can 
be determined by the reflective -soniometerg:from 
planes which are not very bright ;oyet from its 
romob , deady . fusibility, it may= possibly: obe a distinct 
miter ofp speciess.. E. have: observe |. this; variety differing in 
of} bevotelourjand external.appearanceofrom two localities, 
o¢ o§ e9ftom Sweden, imbedded in Quartz ; Euchysiderite. 
oejom@reenland, accompanying Eudyalite. 
: PSEA PALS SF at. : 
| QQ. eid 
QUARTS4y gieinbork ea howeloe 1 sage glp@urn. (0G 
' erystallised. dn obtuse rhomboid, Pon P', 94° 15’. 
colourless ; Rock: crystal 5 -Dragonite, © 
« gnc ohoRek wah . hoe! ger oia) oF Lye! 
brown; Smoky quartzgaeiasia®ts soe os une, 
red; Compostella quartz ; .Ferruginous quartz. 
yellow ; transparent. .asifwes se 
vse. opaque, ferriferous§ -Hisenkiesel. . 
violet to purple; Amethyst.) — ' 
green 5 prase.eenniiie 2 award! 
_ojedaminar 5, milky... ul givinsdnoo ni lehieradqe « 
“ee eee ets TOSCn() cabnsd io erogek lolhewe ab 
acicular radiated. — : boise! 
fibrous. so33 cha isishs doll ¢ottiabadh 2 
granular. ; et Stags sloooid 
seeeees yellowish green ; Cantalitessss boow 
AFENACEOUS. 2k | yal, © velo diiw boxian. . 
Cole. : flexible. condor sitqyel 


ay 
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cinciegrtiyyrmiedd with other substatices, © 9"Y 
dokiw baslatyigi Polishing’ slate. yasgerooos A; = Ti Flas 
oeoxony compacts! Rotten stone's "Ts tepaney ev sél.,): 
moviamorphous > commons) 08 2 m0 T yo mot : 

M no 4 blue’; ‘Siderite, aanpida, ab.» mura Y 
greasy. \a V8 .Midio M ee cert ei Ph) 

-fisé on) avanturiney: contsinng ‘numerous ‘miinute fissures, 
ont to aixe odomécales of: Hifcalgsysolo & SKE Rey, 

-vaols aidiridescenton svad exerlso om doitiw, nett : 
agio,pseudomorphous. '0 eoriq sled ot any OGG (OBE 

ad? penetrated by ‘Asbestus 5 Oxaseyini ad. Tehigoe 
-sqsfetiizsa doidw elsiayio soree od¥ 101), algiayie 
joanblack opaque #cBasanites ; Lydian stone. 9" 
to atte, todin ms Bviblatyy sonst Gad MA baywsio, od 


Jasper ; 3 common. -, 5 * St ons 
red ; Sinople. atilosIed c. Deters 
potted. _ sOdyTocis 


ylotsy « Ribbom jasper. - bass: 29geVagl2,.o ms ~' ef idigut 
182 es y Porcellain'jasper. to azods 03 1slimie org 
monriagatésmaines ered: Sy ae me a bs sabres giDt, oo 
‘adi mrovt dalceddnyerd yror Jom ov foie zonelg 
joniiaih od erystallisedy “The crystals’ ate ‘pseudomor- 
ai gave lib over phous,and probably. have'takeii the form 
2oiilssol ow! movlofo I luate: of dime,’ up chave® found the 
.stinobieydow4 ¢ 8mutual ‘inclination ofthe planes to be 
-abiley bod 90° by: the She ids ygeriode 
‘stalactitic. : 
blue. 4 ie 
pale green, coloured by va of siakel? 
i *bO .“4 ao “Chrysoprases’\\)" tbh.) hyoaildnse gto 
.odarke green ;°Plasmayoo) ¢ °29! wesen 
eoesscese Wath red dots; so ‘Bloodstone ; 3 


‘ Heliotrope. BS PR rome; é z ints ‘EG EF, 
-SH18Dp ev Carnelian.) 2°): | aienq ian) 3 wor 
4 : white. An SMaguas re" s woth OY; 


1925 ‘Aeon yellows: MIT -FUPBGO cq erly one 
red... ve Jord < ougetig, ret salon 
brown ; ‘Sardonysa28 | ¢ BAITS 
spheroidal, in concentric. lapel Alek dA) 
in parallel layers: or cEeSu 5 a pom hid ane +0 bine sSils 


»  weined. © 2¢ J petatbas isluoion 
dendritic; Moss agate ; Mocha stone. © auoxd il 
breccia agate. col! ooislansig 
wood agates: sis j.d008) a lainpolis tives 
mixed with clay ; Jasper, vier (2 > eebosaemois 5. [f 


vervins pebble. “hi SiR ann «abide 


‘ 
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ces 
* 


flint. open bhise sovk sed oyemnity wind 
swimming Quartz. Holt ilelipaigéoae . yaad 
carious Quartz; Buhr stone 5) ‘Molarite.” . -kesassivo 
hornstone, infusible ; 6 Keratite’ Neopetre. aoe. gshion dl 
crystallised, in paaenontiog crystals. 


Woodstone. MG 
opal. - fii iy ze oilees eG aE sept me FBZ: ; ee 

precious. ee om 258 - Stil 
girasol. witear peor A ane Sbieonrmn~is2 
hydrophane. Rew ws eHOMEOD ‘ tise 
common. re Wave puibins® 
semi-opal. 3 gae. poxaggee 
opal Jasper. — ria ose ,sidggne 

© \ Wood opal.” wth eieeqqa aussi ae 


nlaaiteiterendily 7 ‘Cacholong ESSER OREN san tne 
chloropal. $ M 
menilite, a estat lake 
hyalite; Gummistein ; _Millerstass 


ob btn 
ioe ane 


yy 
.¥ 
, a 
vy 
» Ad 


fiorite. rth wkd abs aon gsdimeensd 


recent deposit’ from hot springs 3 Sili iceous. sharterio3. 08 
: stint ‘ 


UR ia it a rigak 

naked: gi 0 “botryoidal =n Wirord ts : 

«compact. “ ats som ad Quy 

ph vevereth ib to evodqroms pt, 

tufaceous, enclosing grastyileh vey s &opieisation 

earthy. aagoe'T : mutloadoe 
Azorite, from St. Michael's. ifouete .9RExKo 
fibrous. .cisivedoe .omi.l cam hdpdeteolge 

‘dna tubes ; Astrapyalite sBlizsinter 3 ‘Cerauniarisinter ; r 
Fulgurite. .)slosdoa gigask Goa) .2u01915 devant 

IAL . SRO ES +. id $98), IR a= 793 hoido? 

‘ Bede ati gt fan Gas ec iotk t Seis aaa or diaith ,¢ BAM @it1Hoe8 
Rapidolit, see: Scapolite. (> tharos odatield aiiisnd 
Ratofkit, ‘see Lime, fluate;, caidiyyat vi Pelamoysib ang 
Razoumoffskin, ‘see Magnesia, carbonate, siliceous: © a 


Realgar, see Arsenic, sulphuret. ~ ceretaaqy lh 
Retinasphaltum, see Bitumen, =?) wo 498 “hte 92 
Retinite, see. Pitch-stone. MELE BETY Wo jobiqn a 992 pene 


Reussite, see Soda, sulphate of and ‘Magnesia Jaz ,stinaled 
Rhetizite, see Cyanite. yy page. J aea ,couinaisé 
Ruopium, native; ‘alloyed with Platitias oo) 1 ee souitomis® 


Rhodochrosite, see Manganese, carbonate. aurruriase 
Rhodonite, see Manganese, carbonate,’ Hiabbue gueineng 
Romanzovite, see Cinnamon-stone. , HOMIOD 


_Rotten-stone, see Quartz, earthy. © jetta 3 a0 7 soa ,stinadiet 
Rubellite, see Tourmaline. » © 
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Rubin glimmer, see Iron, oxide, hydrous. 

Ruby, see Spinell. | mee anne 
oriental, see;Goruntumie: sini = er re? wie! 

Rutile, see Titanium, oxidevs) << . 


P 


BIRSEVID Dewsaywomadsauas Bias aie OSS 
Face Rat: j ef te AIS aN a 
5 asrennte soup 


Sagenite, see Titanium, oxide, Rutile. 
Sahlite, see Pyroxene. 
Sal-ammoniac, see Ammonia, muriate. 
Salt, common, see Soda, muriate. 
Sanidin, see Felspar. 
Sappare, see Cyanite. 
Sapphire, see Corundum. aawagl {eige 
SAPPHIRINE, appears from analysis to -be,a distinct species, 
but I cannot ascertain:its, crystalline forthe »!¢ 
Sarcolite, see Analcime.  Teoorolds 
Sardonyx, see Quartz agate. oe @titieveen 
Sassolin, see Boracic,acia. |) s gists? 2 ails wi 
Saussurite, see Felspar, compact. | iol 
Scaronian 3s Arktizits Chelmsfordite 2: Hkebergites:Paran- 
thine ; Rapidolite ; Wernerite,»: Marygu) 
crystallised. A right square prismy moi. d. on a plane 
belonging to mod. class @5:122%-’.° 
amorphous.  dashuxdving: 
Schaalsteing see; daimey: sil igaletansa ,iosoatint 
Scheelium ; Tungsten. 4 
oxide, :* Labia 
calcareous, see Lime, sch 
'. «oi phersifeneus;) seecbrons scheelates ys veA ,eedat base 
plumbiferous, see Lead, scheelate. .»ji1y9iu"h 
'Schieffer-spar, see Lime, carbonate, nacreous. 
ScuILLer-spar;  Diallage metalloide, foliated; Karstin ; 
Otrelite. Cleavage parallel tothe; planes: and/ ite» both 
the diagonals of a rhombic» prismiofabout:93°. 30" oand 
86° 30/5, bateuncertain: whether right,or obliquesoSde 
Hyperstene. Jowdqiue siiseA one eoglaesd 
Schorl, see Tourmaline. | saree} ea masiedqnssisess 
Scorza, see Epidote, granular. oerteod9)i oe oiiaiiara 
Selenite, see Lime, sulphate. o aiedglus .eho® sev eosieeoan 
Selenium, see Copper, selenuret.  sjiney'} s9e otinited A 
Semeline, see Titanium, oxide, siliceo-calcareous, ,-4:71 a oud 
SERPENTINE. © wonoitena pPROThEGEM, O82 entoobed 1 
preciousg: Ophite,sivaccdvan .sesnagaell oe godinobonss 
common. ' 9f86))-pomsank) G98 sOUVGRAA MON 
Siberite, see Tourmaline, reds:2. (sian? soe ,oicie-ngiion 
‘ 3Q +ullemwot see ,ctitledsA 
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Siderite, see | aarp blue., The Siderite of K Kirwan i is Phos« 
phate eer 
304 ph ate oF eer eerae ils Jo etuomorners iv 


oH 


£32) ERTE ua he Let 5 [iro er a ok: TP 
at p2Cz Hiri ITE, " shih i ( gin ‘5 ss ‘i 
is { r) tbe Pe ¢ ay & f Fes 199 DPS { Bs 
Sie » see eis x 


carbonate. 


a2) 54 Seats 


muriate. SSipiah 5 
ies ide hep ope eS iaethy +7 is 
“ orystalliged. top cube. ' ie het a baagabyn nee 
tobigd 902 J#y10% 
mamellated. ‘A sae jotibgereme 
amorphous. ieee pee 
native TWOTAEROS 
i ’ e's ip¥] e A a 
oS Te A cube. ne pa anhrsarabeh “ef OP pp 
: AOE “ Kevoe PF otHtod 
7 “capillary. ee ae we 
ah ih BUH GO sth er List Ce) 
apa massive. .. Met OR etree Sie A 
ee bes b a ea p URES AE ' 
.. ©. antimonial. i 
. sb Ty 
ranular. : ei tie 
Rt eens euord it 
.. .arseniferous. nee Ry ont 
HRS HOMINID ¢ OUSIDE 
sulphuret. in yee : a 
getllsveyty 
crystallised. y cube. apna 
2 tLe BAA ih 
amorphous. is 


.4......0f Silver and Antimony ;' Re ae silver. vil, 
impure or decomposed ; Black silver. ° sep 
Its colours are light red. a 
dark red, NOre# 
FR ae en, _erystallised. An et rhomboid, 2 on iP 
BEADS! te @ 4 es 56’. vy 4, K ESS Es 
“amorphous. iyi ee 
‘ scaly, from tisical' in Siberia; Aerosite. 
eeseeee Of Silver and Antimony, but. probably’ diffe ring 
Saon dt the proportions f from those wh hich consti 
see Red. ‘si ver. “This | variety was deseribed By 
rome de ‘Yisle’ under the name of “ Mine 
“ d@argent grise “antimoniale.”” It has since 
been called Bournonite. ESR Freyb yberg ) 
right rhombic prism, M on M’, 100", as hd 
sured by W. P. on cleavage pla lanes. prac 
e+e... 0f Silver, Antimon and. Iron; B Britt tie sil 
All ‘the ‘crystallised ‘specimens’ Bi Sauae i 
Brittle silver, which I have seen 15a 
“Red silver!” - Son e of “ae ecimen oe 
_, transparent aid eA Fotheds ‘dist line 
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20d ai, aawrigh tg stigobi? on sani oH 
ue oug op 


cna «4 of all agree ae a TR 
silver. The Iron would ES to 
be an accidental ingredient $a 4 th 
is snilempe' Mal yee. Sus i 
Ay Cag Bre sof, ‘Silver, and Tron ; vb ‘Flexible aide? AAA 
right oblique-angled prism ; “Mon T, 125°. . 
Sinople, see Quartz, jasper. nA pe 
Skolezit, see Needle-stone. 
Skorodite; see Copper, Arseniate, of “EPS and. Tron. 
Skorza, see Epidote, granular. 
Smaragdite, see: steamer 
SOAPSTONE. 
Sopa; Natron. , ‘aan 
Howate,; Borax ; Power Sbeuea? “Gate Ti 
crystallised. An oblique rhombic ‘prism, P on M 
or M’, 101° 30'; Mon } MG: 133° 30’, as mea- 
sured ‘by W.P. 
- carbonate ; Borech. 
fibrous. 
earthy. 
muriate ; common Salt. 
crystallised. cube. . 
fibrous. 
amorphous. _, 
nitrate, Ms 
sulphate. — 
! ftbrous. 
as | no. G bsstht a 
ips Magny Or: Soda ‘and Limes ; Brongniartin; Glauberite. 
An oblique rhombic preit 3,.P on M or M, 
gysae,» 104° 15’; M on M’, 83° 3 
with videds f Soda and Magnesia; Reaaabee, 
a laite ‘see Fettstein.. 


ie y 


reeey oe 


~ 


ODALITE, fi rom. Greenland, . ae | rhombic lodecahedron. 
oni | 4 »., fro 1 Vesuvius. _ es rhombic de eahedron, but is 
teas a pie peal, a distinct, SPgHi ey as it is ranked by 


aes Berzelius. _ RE cad aa 
ey) wavs ba REESE PGES | “a 
Soninite, se see Hebel: SEN Nea ts 
ORDAWALITE.., aly P= 
Spnedstgineyse9 St Se ate. 
ippEgmA cular ir ron, Ss ie oxide, anhydrous, | P 
PHEROLITE. Re 5 
ce aed a peauint 0 olite, ‘supposed fo Delong. to this species. 
banner ‘o-siderite, ‘see Tron, arbonate, Bite 

phene, see ‘Titanium, oxide, siliceo-ca careous. 


SS 


eT t) 


man, 
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SPINELLANE; Nosin. A rhombic dodecthedroni oW,.Pilo! ie 

Semucre; Ruby. A regular octahedron. .xodmA ; miooue 
if black, dark blue;igreenish: 3!Pleonastes) 92 .slinioaud 

Spinelline, see Titanium, oxide, siliceo-calcareous. 91 au nci0e 

Spinthere, see Titanium, oxide, siliceo-calcareous. .auniaiue 

SPoDUMENE SZ: ‘Triphanes. Gleavages parallel to>the:iplan es, 
and ‘to both the’ diagonals, of)@ rhombit prisin of 93° 
and 87°; the bright cleavage: plane being parallelito-the 
short diagonal of the prism. No cleavagedplanes to 
determine whether the crystal is right omobliquesdiadiH? 
_ Two substancos from the Tyrobvhavelibeemecalled:« 
Spodumene; one of these resemblesithiey sjeatchsnme> 
from Uto, the other is Zoizite. 

Spreiistein, see Bergmanit. Tt . 


Stahlstein, see Iron, carbonatedsoilia ,anrick soa (Tee 1s slodsT ° 
t 


Stanzaite, see Andalusite. 2. 
Staurolite, see Staurotidess'': ; lavoysked nb eboetileteyio 
SraurotipeE; Grenatite ; Staurolite. 4 right rhonibiexprism, 

gs} JM on: M! yet 298-3055 } ofl 1 19 asay Lens S ait i roth, 
STEATITES Speckstein.isdisact tduvoid assdootad 

ol im-Pseadomerphous ysl is 32 isd? aiweggs 
andamorplionge sais? ed} of gacled tom, ob yidsdorg. 
Steinheilite, see Dickvalinads canes of shear aed 


Steinmark, see Lithomarge. J reyestieldd 
STILBITE. ~ eamotaio DL 
foliated, see Heulandite. ist asiteds¥ 


radiated. 4 right rhombic prisms: Mon Mi °t01* 36. 
This mineral cleaves paraHel: tothe lateral planes | 
oaelg s ofa right rectangular prism. but. theresiis si; clea- 
8 ‘i dy wevage: paralleltoithe terminal planes‘of‘such a prism. 
veoco Ehere are, howeverjvin some érystals;cindications 
-oienoc0f, cleavage parallel: tosthe jplanes of) acrhombic 
prism, which have induced:me toadopthat as the 
primary form. ; o) @stigtnstors ¥ 
Stilpno-siderite, see Iron,-oxide, hydrous. — .sloaid 
Stralite, see Amphibole. ._ .awdétd atsh 
Stromnite, see Strontian, carbonate, barytiferousioy 
STRONTIAN.  situbadio? sez .sizaisT 
carbonate. wie usvige. peursusaa T 
ousig o enystallisedss uf sip ‘rhombic: prism, MioaoM’; 
IL7E BBR 69 eesia . boat ad yaiguolads 
sAory Mibrowie MAGH EP: : 2 eivgretinas VG1H-OTD DR. TAK 
ont  barytiferous 5 Strdvanitel, ; meer ot scosty 
sulphate 5 Celestine. GW yd. bowe 
tiny k crystallised: 2 A wrighty rhonibio! prisms M.on ane: 
10436 "8b Ri no Mo: erg atdiwedy 96> 
fibrous. 
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SYNONYMES; AND PRIMA RY IFORMS. 493°) 


Stylobat, ‘see Gebhileniteioh oiioods Ik. 

Succin3 “Amber. .wadbsilntoo alway Kk ook 

Succinite, see Dass a eake granularv! df dash foul ji 

Sunpouric actpis9| ; 

SULPHUR.  -Buoesreslea Car: Ke stiT 298 i¢9 tir oe 
e293 crystallised: | sUiers coctaleoendia soit a ee peng 
“SC to sPtom P4106? 20%; vie ‘on sik te 25 DER 
od istalactities, uf ve EAaEs 
os amorphous. Ho. OY! oun a of} .de isnos Fipiks 

Surturbrand,! See:Coal. * « eh isieyio ghd iddisdw aniston 

Swagay: »see Soda, birdter’! [ saith eiovt zodastedud aw! 

Sylvanjusee Tellurium 3°: 2ae desild to sno): daonyaheg ‘ 


f gODIXO:, LO jtetil 99a .anilignigé 


SO SHRI 93 BED TH 


ie 


Tabular spar, see Lime, silicates sous worl 
Tarc. ati rent Tf 998 
crystallised, in Leas plates. oiEte sae <stiloy 
eiwamonphonss Snecy bk. wdiilanss)4 2 stiishetk) 3 galthos 


From the analyses of the different alieals which 
have been brought together. under this name, it © 
appears that several ‘have been/‘included !which 
probably do not belong to the same species: 0 It has 


_been made to comprehend 01/9!" soe .stiliodainie 
Chlorite. Fase oudsid 93 twin? 
Potstone. . oo) Gre 
Venetian talc. ibaa! dott agai .besisilot 

06 French) €halkiyand: other: Seren} i bbetsiber 
TanrArrres)Columbites 9 094 pid t 


-soerystallised.:') A right rectan palit prises a on a plane 
mei » belonging to: mod. class eg 50°, .ltis through the 
enoijeo: Mberality of Mr.;Heuland: that amin‘ possession 
beats: Jvof the crystal ap erey has diss Rise me: cshoote measure- 
oli 2s imientdierepivenssoah i oun Golly 
Yttro-tantalite. ar sacs rete 
blacks : .2vobyst obixa deri 342 ).0) 
dark brown. oy ehadidams 
yellowisiitvrid yainootdes ,nainoud 
Telesie, . see Corundum. ~ 
TrexLuriuMm ; Sylvan ore. isnod isa 
.Vnativée. .Avrregular hexagonal prisms (Me ‘on? a plane 
‘belonging to mod. class c, 147° 15". | 
-++.+. auro-argentiferous 5 Graphic ores: A right 
rhombic prism; Moon My about:107° 44, as mea- 
sured by W.P. enhinalad peiedgis 
NM uo. M auro-plumbiferous z White. tellurium, f) oe 
rhombic prism 3 M on M’, 105° 30/4)! 


194 P hl See Fo A wy IVA ,2aA MY VOW Te 
49 "Sst oF MINERALS, THEIR » 


| ‘Galive ee Eanes. Zu slattererz ; 3 foliated Tellu- 
rium. A right square prism ; 3,P on a plane belong- 

ing to mod. class. J10% i os ifis. 
CORRS ; sulphuret ‘of. Copper, Tron and 


aiiide 


Tennantit ey. 


ad Arsenic. , rv 7 se 

Terra dé Siena, see .¢ Bole . 

Terra sigillata, see ol Ae a tN ofa 
Thallite, see. Bpidote.. ¢ vf - ofHfowvtE s SkGoT 


% 


Tharandite, : see. ‘Lime, carbonate, inant, i 
‘Tuomsonite, A. right: rectangular prism 3 Me on a plane 
‘belonging to class d, 135° 10, Stifoeke ot | 
Tuuxite, Cleavage parallel. to the cor of ‘a oe 
92° 30’, and 87° 30/, but ‘not. any, distingh fe leavage 
transverse to the axis. of this prism, aie yk 
Thumerstone, see Axinite. - bla 
Thumite, see Axinite, i ye ty at i i 
Tin, LEM wee Bt fe 
eee Pees crystallised. “Shin octahedron 7 wil ha square. base. 
Se Pai Pls Sg? 30! JE, on PY, 67°. 2! 9, alt f Ppt by 
oWiBeey dared nok TM de ade 
Geni Wood tio 24 Or  Wathatog 
sulphuret of Tin and CORRS fh Bell metal ae onl 
'Tinder-ore, see Antimony. 2 oft oT 
Tinkal, see Soda, borate. i ne 
Tyr anion, is found pure, and oni in ee £6 copper- 
coloured ‘cubes, in the iron slag | om... 
.Tydvill.. Discovered by Dr. Wollaston, ae 
oxide ; “Anatase ; Octahedrite ; Oisanite.. An, octahed: edvon 
with a — bases Pon Fm 98" 5 BEA i he 
136}, Reds oF 


99) 


LTAMSHUOL, 


‘ “square prism, at a ee ie idee its 
__ diagonals. and_to its lateral plane on a 
»» Plane, belonging. to mod. class fy. 139° 32), It 
is from a very perfect crystal belonging to Mr. 
Heuland, that I have been able. to ascertain 
this form. Haiiy gives it asa ‘rectangular 
_ Prism 5 but the measurement of ‘Mr; Heuland’s 
“crystal, and. the. modifications ‘it, coptains, 
leave no doubt of its being, what, Thaye des- 
cribed. og ous A 392 satitoreT 
chromiferous. : WENGE OO 
ferriferous; Gregorite ; Iserine ; 3; Menachanite ; 
Nigrine. 
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% 


S, AND PRI 
ch. Be ME at I Ri 
t 


; crys allized. A regular octahedron. 
ofp} tg Tt haiasil at . =~ St 3° it inular: had sf STE 


=a10! ac | onelg B ao ~ 


cats 


ee siliceo-calcareous ; is Semeline ; : Spheite 5 Spintheres ; 
Hue 8 Spinelline” An obliqu uc tonite prism ; 
M on M’, 76° 2; P. on M, 93° an, accord: 
ing to the measurements 0: f Rose,” +4 
chrichtonite; An acute rhomboid; P on P'61°. 20), 
Topaz; Physolite ; Pycnite ; Pyrophysalite. A right 
| og ynibic prism’; M on M', 124° 93.0 
S884 ® OS Stow Of Bournon, from Vesuvius, see | Pyroxene. 
Toparolite, see Garnet, yellow. - phy 


| Porbetite, see, ‘Urat ium, phosphate. at We hae Aad a 
Toiich-stoné,. see Quartz. Ri ieee * 
Tourmarine ; Electric schorl. An obtuse i ea asia ‘Pon Pe 

- 133° 90!, rol Que 


“ye 


black from the Hartz ; Aphrivite” 
, blue 5 Indicolite. he 
ed purple, and Sometimes colourles 


bates ‘Daurite; Rubellite ; ST GHEE To at her coe 


y 


£ ny 
Apyrit 


dark brown acicular crystals are termed Cockle te the 


Cornish miners. 
acicular crystals from the Pyrenees ; a Picotite. ‘ 
Travertino, see Lime, carbonate, sedimentary.” a ried aie 
Tremolite, see Amphibole. eeu Oe 
Trikpasite; F ahlunite. = rr Tey ae 
oe ns ) tallised.. a. § regular hexagonal prism. ey hee i 


li7oF 


sit yg 
§ probably ihe’ same substance ¢ as : Gieseckite. 
ce, see ‘Spod umene. zi 
‘Tripoli, see ‘Quartz, earthy. : 
Cs Gare see Lime, . scheelate. Both the ‘metal, aud the 
*“) ore ‘in which it is combined with Lime, have bee called 
aii omnigsten,, which tends to confuse the description of one 
plat i the. other of. ‘those substances. — AS i an oxide has been 
it lately ‘discovered, rT have preferred Adopting the term- 
Ml Shee liu m | for the MES Litatiee tye br 
: key yis(bhd) kee: Novaculite. op: os | 
able Sey BS Alumine, hydrate, | ous E 
uty Bathe Pictite. ‘An oblique rhombic pr ism; Pon M or 
sen ied 99° ‘AO’ ME on Ms 96° 10". “See “Annals of Phi- 
eeb Psophy” ‘April 1823. od 234 


oGTid 
Tyrolite, see Azurite. 
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Variolite, see F elspar, globular... va 
Vauquelinite, see Lead, chromate of, and, Ce ‘opper. 
Vesuvian, see Idocrose. . cours 
Vivianite, see Iron, phosphate. , atanethur 
Umber, see Iron, oxide, hydrous.» —_s., Swat 
Volcanic glass, see Obsidian... —. -~ 
Voraulite, see Azurite. i telloved 
Uranite, see Uranium, phosphate. Vitres 
Uranium. ee a ae ‘ 
oxide, ferriferous ; Pecharan ; : “Pitch, ‘Mende pe tt ran 
sn A GB, BEB e ie sl a? 
"phosphate 5 Chalcolite ; a “Torbeuit sh 
_ square prism, > 
Vulcanite, see Pyroxene, var. Rc aaigle. Trigintl 
ca see Ciatath sul phate, sahydyns, 4g 


“Uranite, He rig 


' eRe echoes 9 since 
Ww. fe E tba ; stadglisa 
Wad, see Manganese, oxide, earthy. Siqelibatewss 
Wallerite, see Lenzinite. eth 


Wavellite, see Alumine, phosphate. . 
Websterite, see Alumine, subsulpheteba aaitt | 
Wernerite, see Scapolite, .0...°. \. 
Wiluite, see Idocrase. 2Hodarona 
Witherite, see Barytes, carbonate. eysenh) shugo 
Wolfram, see Iron, scheelate of Iron ding, Manganese. 
Wollastonite, see Lime, silicate. Raye 
Wolayn,, RADE: cartiaNllsed, Alam-stones. t <woourd 
‘8.53 eer of ee q 2 oms j 


i ida sd wk bso! 00 fracd and eTiZres 
-Yanolite,. see if eahysaichens otat youre’ ae patebial Yo 


YELLOW-EARTH. bated Ta | rh 


¥ Rua OE it Xu be be 2 


Yrrr A, see its cbibintiens with Caran i alisioS 


Yttro- -cerite, see Cerium. u weok ptaatiag ab wel-grived 
Yttro-columbite, see, Tantalite, oi ayoil’'t OR PATE 
* Yttro-tantalite, see. ‘Tantalite. Wet edt. to ee odd 
Yu, supposed to be.Prehnite, which see, Jjneoto meson 
obs outde as sort 
Z dint’ ao oihad «7 


Zala, see Soda, borate. arrmognus | 
ZeEaGconite; Abrazite; Gismondin. An octahedron with a 
square base; P on 'P, 122° 54’; Pon P”’, 85° 2’. 
Zeolite, see Analcime. 
Chabasie. 
Heulandite. 
_ Mesotype. 


Natrolite. eee si sagt (ge 
Needle-stone. ofg <rnqelsT Soe ations ¥ 
\'Seilbites'” ¥ ts 398; ELEANT Tike ) eh: oa | Roget SUS LS Fai ‘ 
ais ‘a ss oy yo pabeOtoebT see Ki ui 
INC. ~ #7 : : 
chebonats. OI SX Shen ead Gort oot tien Y 
; 


crystallised, dn ‘obtuse rhomboid} : op on’ P’;” 
107° 40/5 measured by” Dr’ ‘Wall as on.” 


botryoidal. GSE © Ah Ee 
é Wen akg er gtint a PA} tiie apd F rt gee 
earthy. , PERE SA UE sFEESERIGSS ES P52 Lads & 
igo ee Beky cadmiferous. ‘ A badd | 


40.89.) is dealt? i away 4% outs noe a 


_ +e». -Manganesian ; red UPS oss br ny Lago 
sayin he prism, ‘as detonaened by W. P. from cleavage: 
.... .aluminous ; Automolite ; Gahnite/ Saree 
crystallised. “A regular octahedron. Ot cg SUEY 
granular. <° SPU Y MES pts (Fitted: $5) patinighnY 
silicate. A right oniaibel pr ism, M on MS 102° 35%. 
sulphate; Gallizenstein. 
crystalliseds)) 11784 eo) 
fibrous. | mt) 
earthy. rotadgion | fA Be) esdille ne ul 
‘gulphuret’s ‘Blendaisiyivedve ,odiciwiA 99, ppinejedeW 
crystallised. 4 rhombic doileeahed ‘on. ebot isin 
> e amorphous. S2LTVO RA She Sette Ay 


; stu ee) ace 73 4 
- cadmiferous. etubodsss ashen soe .stiradsiW 


SHER ii oll ore be’ cd 


sagt o92 ,sthelis WV 


. ae Pew Vows eid we Bet inlA . 
PaPFTR: fibrou SL Hees BtG Siskiseiose LHe STS eau 16 w¥ 
eo + as + a 

Seti 32 


Ue i - ++» compact. oe 
ZrnCON ; ‘Hyaciitn' Jargo or i siensaeNrenth a quae A 
_ base ; Pon P’, 123° 20'; P on P”, 84° 207. 
Zo1z17Te, has been. constderell| by the Abbé Haity asa variety. 
“of Epidote, an error into which‘he has Hiscle wit een. 
oy ded by the crystals of Epidote. which are found i h S 
© Zoizite from Carinthia. It is however a bats 8 pete 
having for its primary form a rhombic prism, [’ 
116° 30’. There is apparently'a cléa oa UANLVERR te 
-. the axis of the prism, but not sufliciently istinet ‘fol 
---- measurement, which indicates that the prism is ‘is ‘blige 
» from an obtuse edge. s 
Zulite, or Zurlonite. ‘s 


2. Rida Ae état? re ied oe" 
SiRIOG <fNoe 992 HAS 
-ZURLONITE. TAD eee 
i ¢ pa oRe Nien tat 2 2% tise * ‘gf ae © 
% AYGe woth intos oth, (aiibomelsh, folsemth .arisopagrs 
a NE 


fag. wold -be “Ses MD, 6 “4 eyed eh apse, a 
ypianA 992 aliiorS 
#4 " standnd \ 
lsc stibusiaoh 
SR seine Mi 


COR Pe ROM OT PAM ERS WoO Fike DR FON 3 


“Otedalue esos WeeP tet > tHlpe. wast 
ike io le gnediso Riad 4 Yitor ent A heii 
2 ONT 207 Bydal fee 
TABLE OF T! HE PRIMARY F ORMS OF MIN ERAS, 
eh teapot “ Caioresid dD 
- ARRANGED-acconDiNe TO THER ‘CLAssEs. -otioeut 
PUSS Taser Alo .gestoobl 
“00! NERDS V4 16 shiz lies.) Ye Sidrotitss-ohuwM 
ra ay ‘dor | . bossa yisionet® 


aL “Rhonbe Dosage 


Cinnamon-stone. ,otiliaM 


bi rtiedPe ay i te Yo sisi ML 
aucolite 2.  ottlogso@ 


Haiiyne, ani Hate? boteilod 
Lazulite. — , “9 lites 


| Native Amal gam, 


Tron’ Ppirites.” pont 


Sth th oye 


rf vty beats Oo stanly eon 
Leucite. os up | Soualitexiiu: > : aicgdats hay 
Galena. ee Bee = Spinellane.. 

Sa FING Dak 


 % A moiooA sus 
Blende. — 


Boracite. eel ‘o¥inorgqenoD 


Muriate’ of Silver, pera. 


Native Sily a x ’ i ; | Octahedron Soi 
Sulphuret of Siiyee! ct ae yeaa : 


Muriate’ of Soda. ; ie bach . “ti ‘Pond 


33, . 


—~ Anatase... oie eines 
Regular ir Deaton. “ry Molybdate of aay 
patie: wali doe is 1. Melt Baers 
Muriate. of Ammonia. ene 
Oxide of Arsenic. peice werd 2 55 
Red Oxide of. Copper. au |Z sy: , cheesy tw er 3.20 
Purple, acne ) of Bats Tins eens a3 
Diamond. 


Native Gold. Onsaketinos witha areas ngular 
Chroma 


A lagnetic’ Fron.) 82° pe 


”, + Lf ee OR 3 4 a or i ied 
Fluate of Lime. bhitont : 
Spi nelle. BOLE AD Bis £3 C "% de Y, } 


dealin A ooh 
Menichanites" es 


03:15. 


ak> 


Moe d. 3 hg 6 4 ote “ont 


‘Arseniate or Copper 735 29! 


4 ve 


_ base. 


i — R L503 


Sh M., : ; 
Rl ular Tetrdhed on. 


» oly ay ms 
th sate. b ie e é : mR 20) 
Go othe yh 


AVIOL PLR ov eae es OGTIo2M 
ofovimd |.08 1@ ...... snote-atbeaVi 
a gieitlo 41 O&. @ wooves SleuleboA 


SsiilfyiqogA | 
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TABLE OF PRIMARY FORMS. A99 


‘Right Square prism. 
Red Antimony? 
Apophyllite., 

Allanites i Fir IO eM Mo'R YY 


Cupreous Sul phato- 
‘ carbonate of Lead. 95° 
Anhydrous Phosphate 


Chiastolite ? Yitroccerite ee Ae 97 
Fuscite: RA@kS Hrear ov sh Mellow: ‘Sulphuret. sof 
Idocrase. Arsenic ....0. 0%. 100 


Murio-carbonate of. Lead... 
Scheelate of Lead. 
Sulphate’ of aes, 
Méionite:” > si 
MEliie Earners semen 
Muriate of Miicary. 


Oxide of Manganese 100 - 
Prehnite .........<100 
Sulphuret of) Silver 

a] and Antimony .. -100., 
ry ET SEUDILE foot ee te ,.101 36 
Sulphate of Barytes .101 4% 


Scapolite. Silicate of Zinc .. 102.35. 
Foliated Tellurium. ° | Datholite’:. .” « ee 103 AO 
Rutile. — Sulphate of Lead. . -103- 42 


Phosphate of’ ei | Sulphate of Strontian ter 
tl a White Tellurium .. 2105. 30, 
Right Rectangular prism... \ White Iron Pyrites . 106... 
Comptonite. | Graphic Tellurium. . 107, 44 
‘Couzeranite 2?” Arseniate of Copper.111_ 

Harmotome. + ArsenicallronPyrites1 11 12, 


Bournonite.*” | Jeniter ry ane, Le 
Peiffer. . __, | Arragonite ........116 10 
Sulphate of Potash. _<. | Carbonate of Lead. 21h? 18 
Tantalite. >. aioe | Carbonate of Stron- rp 
PPowepniter: é is Riz; Won) tian. $9.4 ca rd ehele 117 32 


| Carbonate of. Barytes 1 118. 30 
f S sae CORO | Humite........ aie 120 - 
Uncertain whether square or Arseniate’ of opps 


Anhydtite: 2a! a shea | 


“rectangular prism. | and Tron. nds Te as 
‘Gehlenite. . ~ f AZUPILE 2... wneud huge 
pas ~- ——|| Wavellite ... .9.4.46192, 146 
Cleavage pa htt to theplanes|Topaz..... ert we CaS 
: uk a wor or. fectangulgn Staurotide.........129 30 

Otpiten ade y, 7? | Hydro-oxide of one 130, 40 
“Allophane. one whehPT RUDE ‘|White Antimony, ..137 5; 
vibe wy ot 3933 VES BR) Bot} Rt tied oa LEN See 

—_———_——__—.. — | Right Ddliucsangle prism. 
2 : “Right Rhombic prism, ..M.on T. 
og! “M on M’, Brewsterite. . Ah ay 
“Sulphuret of Antimony ~~ | Cupreous Sulphate OF at 

néearly:90i") ())! Lead So fees.. ss 102 45 
Mesotype......... 91° 10'| Sulphate of Lime...113 8 
Needle-stone ...... 91 20 | Epidote....... Bs ae Lh eR) 
Andalusite ........ 91 20 |Wolfram ......... 117 22 


an 2 


| of Copper i...) 795! 20° 


sai 


Sulphato-eurbonate'S® 

ok BP Beaded oa.at . 120° 4 
_Arseniaté of! 
‘Flexible Sulphuret eprer 
el Silver: ; 


=e 


Le © Pal 
ceeeneee® 


Phos) hatevof: Lron o425°L5 | 


e suchas Cut alas Ske 30:5 
pou 


Obliqnié Riombie prism 


pnieaieainc a acute ato 
tin n Mi. 


eee 


4" 


oF ee canten eats 
. Arseniate, of Canoe 86 3} 
+Realgar tense TAC 14. 
OBPREME «oes 1 sso 6, 2 
Sulphate of Iron.... 82 20 
ea __ Glauberite 0.1.00. 83.20: 
Laumonite........ 86 15. 
as o Ryromene |v nana a bes 5BL 5. 
Ri. ideal 0 

; 4 4G M on M’. 
* Chramate of Lead u08" 30" 


ue Heenan of oy 
Copper’.......4- 

Mica from Vesuvius . end 

Green Carbonate,of 


Copper ...... wes 107-20. Cleavage 


Gadolinite ........ 115 
Humboldite . . 115 45— 
Zoitite .-...+.+.+-116 $0 
Amphibole..... .» «8124 30 
‘Ligarite? al Yo shize 140 


Doubly Oblique prism. 
Diaspore ... 


MonT> 65 

.P onM 134 40 
Pon T 115 17 

~MonT 135 10 


Axinite. ‘eo © 


Gobart) 32a | 
) 


25824) 


i iietecae 


. Pon M108° 30! F ettstein 
P on T 101 20° 


PARTE OF ERMA Try rom. 


Pon BiG) 

cule onl 93130 
Sulphate ofeiny% oengsM), 
Joe to aisiadPiomT 08) T- 
. M on DADs ai : 
byeniie pire ero M9395 
TE LIS Da | obP da IP :00 nf. 


oM on T0645 
Felspar.....P on M.s90i%" 
pon Paige; dis 
| Mont 11245 
Silicate ofsewiww!io'T ovita A 
Lime .... PomMil@6i | 
ows BP onto 9840 
ah iy in bir igie on-T—95-15 


a Cleusuge parallel to the planes 


Vo of a. Rhombieprismiz but 

uncertain: whethérinight.or 

GE Lae to, toto tei . 
Sy onsiMinods 

Sp odeknendieo<trt-03 of GEE 

Bionsite eevee dine 2 93 30! 


) 4 | Schitter spar. ; “ehes08-80 


| Anthophylie.. wr 125. - 


a a 


Ppvaladss “to the 


CleavelanditeP on: Mere? 30! 


Copp er $oP on Mc127%30 © 


planes of a prism: whose — 


_ other. characters are not 
known. Ay ys Skd 

. _The ed angles. 
‘Thulite 2... 4... kG20SO" 


| Indianite........0.).95). 15 
Amblygonite ...... 105 45 
te BAD sina 


Regular hei sina? prism. 
‘Cronstedit 2 Pan 7 uty 
Dichroite.. ° 
Dipyre?... 

Emerald. . 


See ee 


TABLE ORS PRIMARY FORMS. 


‘Gieseckitess /- stibnel wool 
Graphite? noe F i 
dridiam and Metals t 

Magnetic Pyrites., 5). sit ine! 
Ob rstgitabé of Leads: . 


Lepidiolite? 1 “9 ; 
aPhosphate:of Lime. stip...) 
(Sulphuret of Molybdenum. 

i Nephelines \y 

Pinite. \¥/ ; i) he regio 
aPyoeduilllitesi | 


éPFata?. Tito ; ey 
mats Carbbnatl of Zine. :3107 40 
}Red Silver ...000: “A09 56 
x Phosphate of ror : S110” “5 
—| Dioptase’ . i Soh SERORIET. 
| Tourmaline - eae Pilarised 20 


Native Tellurium’) - 

TE Sitess Yoo sit 
oRed Ofide be Zine.’ 
Ch-8e 
Dd gcd¥e: Rhomboid 
peroren Wore | Pon? oo 


Baty dE’ 
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n 

~8o Ueies may! belong: to'the same Class or to different ¢ nual 
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poor of srt hey natural, defined, 1—cleavage, Spi 
noon, aly '3similar,: Sta angent, 24. ge a il 
Desition-oBmnyeentn, ppppisi aa SuMET'E aia dies | i oS : sa 
Pritmary:form,'see-Form, ‘prittiary. 04 se + still 
Prisny;:deéfined. ;O-Lright, ‘9—oblique, 9.° pik a aoa 
Prismyright’square, ‘definied; ; Oits i Ti discs. 
Phecenng reg ni 2a0% ot 98 OTE | te 
my right rectangular, defined, 9 its axis, 1 
n itediaieig wate i Yo-+-88 gebors sh bial 
Prisms: sht rhombic, “defined. tots axis, te 
ots Catiohesa7gzo> sidraads us “rately 
Prism, sright-oblique-angled, i ed, tor Es 
-svimodificationsy 176). © > p ne . 
Pris ismy oblique thombic) defined, ‘to=its Axi is, 15- 
~-€difications, 180, © at ao sida 
Prism, doubly: oblique; defined, ‘Hits axis, 1 
Lendteedtionss 190 pas oben si et gaara 
Prism;2 hexagonal, pega, denied 112i axis, 16—its 
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_.+~anoleculeca triangular: ‘prism, 30-~its modifi PBPSs 1 90 Fy 
Proj ection, orthographic,’ he inane 403." ‘ tis 
Pseudomorphotis crystals, ‘93.> 
Pyro-electricity, 7 G-—-sometings influences the ‘ mbdifcations 
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Rhomb, defined, 4. , ¥4 : sisalle 
Rhothbite: dodecahedron, see Dodecahedron rhombic. 
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Sceoudary Gta | see Fo orm, iptenaiart | 
Secondary planes produced by decrements, 24—said te res 
plage angles or edges, 24, 
Similar edges, angles and Plane, defined, 3. 
Species, mineral, defined, 6. 
Square, defined, "4. 
Stracture of crystals, or the otder j in which their molecules 
are arranged, illustrated by an experiment with coms 
mon salt, 53—this regular order supposed to belong to . 
all regularly crystallised bodies, 54—of the cube, regular 
_tetrahedron and octahedron, and rhombic dodecahedron, 
explained, in relation to the theory of cubic’ molecules, 
46 & 47—ultimate relation of tetrahedron, and octahes 
dron, 65. 
Sulphate of Barytess's see Barytes, sulphate. . 
Symbols, how applied to disibomaich primary forms, 103— ? 
their character, 232--how’ applied to denote secondary 
_ forms, 236 to 252—ar ranged in tables, 252 to 279-— 
denoting intermediary decrements, compared. with those . 
used by Haiy, 281. 
Symmetry, general law of, 77—is sometimes suspended by. 
the Aen ora of bodies, 7 7—and by other aR 
78. Lbey peated 


‘Tangent plane, aaa: 24. by 

Tetrahedron, regular, defined, 6—its. axis, 13-—its relation 
to.the regular. octahedron as shewn by cleavage, 40 to 
42—its relation to the cube, 84—its relation to cubic 
‘molecules, 46—its modifications, 112. . 

Triangle, equilateral, defined, AB eninennanhy defined, 3 
scalene, defined, 4. 

Truncated edge or angle, defined, 24, 
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